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 Abstract 
 
An anthracnose disease of celery, caused by Colletotrichum acutatum sensu lato, has been 
reported in the U.S. A phylogenetic analysis was conducted on a collection of isolates from 
celery and non-celery hosts to evaluate their taxonomic position within Colletotrichum acutatum 
sensu lato. Both celery and non-celery isolates were evaluated for pathogenicity on celery and 
for vegetative compatibility. Culture filtrates from celery and non-celery isolates were evaluated 
for their ability to reproduce the unusual leaf curl type symptoms. A total of 18 celery isolates 
were evaluated for their taxonomic placement based on analysis of the glutamine synthetase 
intron sequence. All isolates were closely related and belonged to the newly described species 
Colletotrichum fioriniae. A total of 57 isolates of Colletotrichum acutatum sensu lato and C. 
fioriniae, representing four previously defined genetic clades, were found to have a wide 
virulence spectrum on celery. All isolates originating from celery caused disease on celery 
whereas a wide range in virulence on celery was observed among the non-celery isolates. The 18 
celery isolates grouped into six vegetative compatibility groups indicating the population was not 
clonal. Elevated temperatures greatly increased leaf curl symptoms in greenhouse tests. The 
degree of crown rot severity and the number of petiole lesions per plant were correlated with the 
percent of leaf curl symptoms. Although there were inconsistencies in the experiments to 
determine if culture filtrates can cause leave curl symptoms, some evidence indicates that certain 
isolates produce a metabolite that mimics the leaf curl symptoms of the disease. The filtrate may 
contain indole acetic acid (IAA), and purified IAA can also cause leaf curl symptoms on celery. 
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Chapter 1: Introduction 
 
 This research entails two distinct inquiries into celery leaf curl. The first evaluates the 
relatedness of Colletotrichum acutatum sensu lato isolates and compares this information to their 
virulence on celery. This research will most likely lead to publishable data while the second 
inquiry, the investigation into the production of IAA by Colletotrichum acutatum sensu lato and 
its possible implications in the symptoms of celery leaf curl, is a more exploratory effort. This 
second inquiry is related while distinct enough to deserve its own chapter and may eventually 
lead to publishable data, but is more a stepping stone for future research. These two together will 
hopefully provide future questions to be answered in the research of Colletotrichum acutatum 
sensu lato on celery. 
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Chapter 2: Phylogenetic examination of Colletotrichum acutatum sensu lato from celery and 
evaluation of virulence on celery (Apium graveolens var. dulce) 
 
Introduction 
 What defines a species is a complex topic (Mayden 1997). The evolutionary species 
concept (ESC) is widely applicable (Mayden 1997, Taylor et al. 2000). The ESC defines a 
species as a grouping of individuals that have and maintain a separate identity in time and space 
from other such groupings and said grouping has its own historical and evolutionary fate and 
tendencies (Mayden 1997). This definition does not exclude historical populations, 
hybridization, or asexually reproducing organisms. This definition does not rely on observations 
that may incorrectly differentiate populations based on weighing of particular genotypic or 
phenotypic data that may have occurred through confounding variables like genetic 
recombination between species, chromosome loss, or convergent evolution. While theoretical 
species concepts are helpful in understanding the ideal, the ESC is not capable of recognizing 
and delimiting species in a practical sense.  
 More practical recognition of and delimiting of species requires some form of observable 
data which brings into question the practical use of naming species. As mentioned in Mayden 
1997: "Given that any research study is grossly limited in the type and amount of empirical data 
available from all that is technologically possible, universally applicable concepts of species 
should not be bound by or confused with empirical evidence." This could be used as a reason not 
to designate species names, particularly in situations where the amount of data available on the 
organisms being studied is increasing at a phenomenal rate and therefore may cause species to 
change quickly because of new discoveries (Money 2013). Given the constant change and flow 
of genetic material through time, species can be viewed as rigid boxes put over a much more 
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fluid continuum of life and such artificial boxes may not belong in the scientific realm (Money 
2013). Conversely, a designation such as “ID12817” tells much less about an organism at first 
glance than Equus zebra, Zea mays, or Rhizoctonia solani for people familiar with these 
organisms. Much of this information could be conserved if the genus was retained, particularly 
when current findings are delineating new species and therefore the specific epithet holds little 
meaning yet to researchers. Still, some form of grouping of isolates whether into clades, species, 
or something else is potentially useful in identifying patterns and comparisons within and among 
groups of individuals. Whether we want to call groups 'species' or not is less relevant than the 
fact that it is desirable to have practical ways to group individual organisms. 
 Before sequencing data became widely available, a number of practical ways to group 
individual organisms had been developed (Mayden 1997). Two particularly popular recognition 
methods have been morphological species recognition (MSR) and biological species recognition 
(BSR, Taylor et al. 2000).  MSR identifies distinct species as the smallest group of individuals 
with observable traits that permanently distinguish that group from other groups while BSR 
identifies distinct species as populations that naturally interbreed and are reproductively isolated 
from all other population (Mayden 1997). Potentially negative issues with MSR include that it 
has difficulty distinguishing phenotypically similar organisms and may subdivide species based 
on traits that are deemed 'distinguishing' when the species simply has unexpected genetic 
diversity in that trait. Issues with BSR include that it does not account for asexually reproducing 
populations or naturally occurring hybridization. 
 Phylogenetic species recognition (PSR) has become another prominent grouping method 
over the past two decades (Taylor et al. 2000). This approach uses genetic sequences from 
individuals and compares these individuals to find the smallest groupings that have unique 
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character traits. The use of PSR is, in many ways, an extension of MSR (Mayden 1997) because 
it is observable data on individuals whose different traits make them distinct from other groups 
of individuals. These similarities bring up similar problems. The question is which traits (gene 
sequences) most accurately correlate with the evolutionary history of the fungus (Cai et al. 
2011)? If all gene sequences used are from highly conserved regions, a whole genus or more 
could be determined to be one species through this method while using highly variable regions 
may further subdivide a species beyond what makes sense in any practical terms. Researchers as 
a whole must agree on what level of conservation versus variability is considered appropriate for 
species determination. Part of this issue has been helped with the availability of cheaper and 
easier methods to sequence gene segments and whole genomes. While single gene analyses are 
particularly problematic, genealogical concordance phylogenetic species recognition (GCPSR, a 
particular type of PSR) uses multiple unlinked genes to theoretically demonstrate genetic 
exchange within species while showing no genetic exchange with similar individuals of other 
species (Cia et al. 2011). 
  With the advent of more robust molecular sequencing techniques, the species concept of 
fungi has changed from mostly morphological determination to multi-gene sequence 
determinations. Morphological description, especially of sexual structures was an early way to 
classify plants and fungi. Beside the fact that the sexual structures are so small as to make it 
difficult to determine subtle morphological differences if there are any between similar species, 
not all fungi produce sexual structures or may only produce them under specific undetermined 
conditions. These complicating factors and other difficulties associating asexual forms of a 
fungus with its sexual forms led to the naming of teleomorphs (sexual reproductive forms) and 
anamorphs (asexual reproductive forms) of fungi (Crous et al. 2015, Hibbett and Taylor 2013). 
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In fact, rust fungi can have as many as four anamorphs for a single species, and researchers could 
name all four anamorphs and the teleomorph as distinct species if the community did not realize 
the association between the different morphs (Crous et al. 2015). This extreme version has not 
usually happened, but separate species names for the teleomorph and anamorph have commonly 
occurred in fungal taxonomy. BSR has also been used to show differentiation in certain genera of 
fungi using mating tests where MSR determinations have been insufficient (Taylor et al. 2000). 
As an individually used method, BSR cannot be applied to all fungi because fungi can be self-
fertile and not mate, it can be difficult to produce sexual spores in the lab, and approximately 
20% of all fungi do not produce sexual structures (Taylor et al. 2000). The use of PSR, 
particularly GCPSR has been found to be a potentially excellent practical species recognition 
method compared to MSR and BSR (Cai 2011, Mayden 1997, Taylor et al. 2000) and has 
allowed researchers to identify relationships regardless of teleomorph or anamorph. 
 When trying to differentiate species via GCPSR, it is important to determine which areas 
of the genome should be used in the phylogenetic analyses. The internal transcribed spacer (ITS) 
region of the nuclear rRNA gene has been determined to be able to narrow fungal isolates down 
to at least genus classification and sometimes to species (Crous et al. 2015, Hibbett and Taylor 
2013). Once the genus has been identified, protein-coding genes (Crous et al. 2015) are typically 
valuable for determining species. These protein-coding genes are what have been proposed in the 
grouping of Colletotrichum (Crous et al. 2015, Damm et al. 2012). 
 Colletotrichum is a fungal genus known to grow on and often be pathogenic to a wide 
range of hosts and has distinct morphological features that can be used for identification of the 
genus. Colletotrichum is a common fungal plant pathogen within the ascomycota and can cause 
disease on any aerial plant part both pre- and post-harvest. The most common diseases caused by 
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Colletotrichum are termed anthracnoses, characterized by black sunken lesions on the colonized 
tissue, and are typically favored by hot, wet weather (Cannon et al. 2012). Colletotrichum can 
often be identified by the heavily melanized setae they produce on their acervuli. Depending on 
the species, falcate or oval to ellipsoid conidia are produced. Some species of Colletotrichum 
produce a teleomorphic phase known as Glomerella. Differentiation of species within the genus 
has traditionally been based on morphological characteristics. These characteristics include its 
appearance in culture and the size and shape of its conidia and appressoria.  
 The C. acutatum species complex, or C. acutatum sensu lato was considered to be one 
species for decades (Damm et al. 2012). C. acutatum was first designated as a species in 1968 
and no other species within the complex was designated until 2002 (Nirenberg et al.). The 
differentiation of species within C. acutatum became feasible with the advent of PSR. In 2003, 
Guerber et al. used two genetic intron sequences of protein coding genes, the 900-base pair (bp) 
intron of the glutamine synthase (GS) gene and 200-bp intron of the glyceraldehyde-3-phosphate 
dehydrogenase (GPDH) gene, to characterize isolates. These two sequences were demonstrated 
to be robust regions for inter- and intra-species differentiation within Colletotrichum acutatum 
sensu lato (Guerber et al. 2003). Damm et al. (2012) chose six gene sequences, including GPDH, 
to differentiate isolates within the C. acutatum complex. The gene sequences that Damm et al. 
(2012) considered the most robust, in order from highest to lowest were beta-tublin (TUB2), 
GPDH, histone3 (HIS3), actin (ACT), chitin synthase (CHS-1), and the internal transcribed 
spacers (ITS). This later work subdivided C. acutatum sensu lato into at least 29 species based 
on sequence analysis (Damm et al. 2012). This more recent work, along with the clades 
previously proposed based on sequence analysis of two gene introns (Guerber et al. 2003), were 
used as reference points for the phylogenetic analysis in the current study.  
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 C. acutatum sensu lato has managed to grow and cause disease on a wide range of hosts, 
including celery. C. acutatum sensu lato may use one of two infection strategies or a 
combination of both strategies dependent upon species, location of infection on said species, and 
the resistance of the cultivar (Peres et al. 2005). These two infection strategies are intracellular 
hemibiotrophy and subcuticular-intramural necrotrophy (Wharton and Diéguez-Uribeondo 
2004). The pathogen has been known to grow epiphytically on plant parts or remain quiescent 
until a certain stage in a plant's life cycle before causing disease (Peres et al. 2005). It has been 
known to cause disease on such diverse hosts as magnolia, celery, tomato, strawberry, peanut, 
citrus, and papaya. Common disease names include anthracnose, postbloom fruit drop on citrus 
(Chen et al. 2006), black spot of strawberry fruit (Damm et al. 2012), and leaf curl on celery 
(Heaton and Dullahide 1993).  
 Apium graveolens was known long before it ever was cultivated to become the culinary 
ingredient, celery (Apium graveolens var. dulce). Celery has its origins as a marsh plant whose 
habitat includes locations on five of the seven continents, South America and Antarctica being 
the exceptions (Sturtevant 1886). In China its uncultivated form, smallage, was grown in the fifth 
century. In Europe it was viewed as a medicinal plant before it was ever cultivated (Sturtevant 
1886). By the late sixteenth century, smallage began being used in gardens in Europe, but not for 
food. By the seventeenth century, celery had been cultivated from smallage and was recognized 
as a food that had traits making it more palatable than smallage (Sturtevant, 1886). Since that 
time, celery has become a popular food crop with an overall value of approximately $460 million 
in the United States in 2013 (Hoyle 2014). 
 Celery is susceptible to many pathogens (Koike et al. 2009). Because of its origins as a 
marsh plant, celery has high water input requirements. In the US, diseases include apium virus 
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Y, aster yellows, bacterial leaf spot, celery mosaic virus, crater rot, early blight, fusarium 
yellows, late blight, and pink rot (Koike et al. 2009). The latter five diseases are all caused by 
fungal pathogens.  Early blight caused by Cercospora apii and late blight caused by Septoria 
apiicola are foliar diseases that can pose particular problems to celery. More recently, another 
fungal disease, celery leaf curl, has been reported in the US (Rodriguez-Salamanca et al. 2012). 
  Celery leaf curl was first reported to be caused by C. acutatum sensu lato and was 
responsible for significant losses of celery in Australia (Wright and Heaton 1991) and Japan 
(Fujinaga et al. 2011). It has been reported that multiple species within C. acutatum sensu lato 
can cause disease symptoms on celery (Fujinaga et al. 2011). In Japan, celery leaf curl was 
designated as being caused by C. fioriniae, and celery stunt anthracnose was designated as being 
caused by C. simmondsii in Japan. 
 Celery leaf curl was first reported in the United States in 2010 and this report has resulted 
in more focus on the disease and why it had not be reported until then (Rodriguez-Salamanca et 
al. 2012). There are many aspects of celery leaf curl etiology and epidemiology that are not 
known. For example, it is not known why this disease has only been detected recently in the 
United States. It is not known if the isolates of C. acutatum sensu lato from celery are host 
specific, or if isolates from all hosts are capable of infecting celery and cause leaf curl. It is not 
known how diverse celery isolates are and how they fit into the species scheme of Damm et al. 
(2012). Also of particular interest are the unique leaf curl symptoms associated with infection.  
 To address questions of clonality of C. acutatum sensu lato from US celery, vegetative 
compatibility tests could be used to address pathogen diversity. Numerous Colletorichum species 
including C. acutatum sensu lato have been assessed for vegetative compatibility using nitrate 
non-utilizing (nit) mutants (Brooker et al. 1991, da Silva Franco 2011). Within C. acutatum 
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sensu lato, three different nit mutants have been described (da Silva Franco et al. 2011). When 
mutants are generated, the most common is the nit1 mutant. Nit3 and nitM mutants are typically 
the two rarer forms. Different nit mutants of the same strain, or closely related strains, can 
anastomose and complement one another forming a wildtype heterokaryon (Correll et al. 1987). 
Isolates that pair this way are described as belonging to the same vegetative compatibility group 
(VCG) and are often clonally related. 
 The objective of the current study was to identify isolates of C. acutatum sensu lato 
recovered over multiple years from symptomatic celery grown in the US and determine how 
these isolates are related to one another and to species within C. acutatum sensu lato from other 
hosts. A collection of celery and non-celery isolates of C. acutatum sensu lato were examined 
using molecular sequence analysis to identify and place the celery isolates within a phylogenetic 
context while the celery isolates were also subjected to vegetative compatibility tests. In 
addition, celery and non-celery isolates were evaluated for pathogenicity, virulence, and the 
ability of isolates to cause leaf curl symptoms.  
 
Materials and Methods 
Isolates: selection and isolations. A total of 58 isolates of C. acutatum sensu lato were 
evaluated in the current study (Table 1). The collection includes 42 isolates subsequently 
identified as Colletotrichum fioriniae (Damm et al. 2012, Guerber et al. 2003). The isolates of C. 
fioriniae included 18 from celery and 24 from other hosts. The collection also included 16 
isolates of C. acutatum sensu lato from numerous other hosts that also have been subsequently 
assigned to new species (Damm et al 2012). Thirty of the 40 non-celery isolates were reference 
isolates that had previously been characterized based on intron sequence analysis, restriction 
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fragment length polymorphisms (RFLPs) of mitochondrial DNA, and/or RFLPs of intron 
sequences (Guerber et al 2003). 
 Eight of the 18 isolates from celery were recovered from symptomatic celery plants 
(cultivar Duda C-1) provided by a Michigan greenhouse run by Duda Farms. For isolations, 
lesions on petioles or leaves were excised by cutting approximately 2-4 mm2 segments from the 
lesion margins. Lesion samples were surface sterilized with 0.825 percent sodium hyopochlorite 
(10% commercial bleach) for two minutes before being rinsed in sterile water and plated on 
water agar. Pure cultures were recovered by transferring any hyphal growth from the excised 
tissue onto half-strength Himedia brand potato dextrose agar with 3% agar (PDA). The 
remaining ten of the 18 celery isolates were provided by various researchers in 2010. Six isolates 
originally isolated from celery grown in Michigan (Col 10-1, Col 10-2, Col 10-3, Col 10-4, Col 
10-5, and Col 10-6) were provided by Steven T. Koike of the University of California 
Cooperative Extension. The other four of the ten isolates likely were isolated from celery grown 
in Michigan as well, but though the host is celery, the state of origin is unconfirmed. Three of 
these four isolates (MH01, MH02, MH03) were provided by Mary Hansen of the Virginia 
Polytechnic Institute and State University. One isolate (SM01) was provided by Sara May of the 
Pennsylvania State University. 
 Thirty reference isolates belonging to C. acutatum sensu lato were included in the study. 
These isolates had previously been analyzed based on mitochondrial DNA restriction fragment 
length polymorphisms (RFLPs), and/or intron RFLPs (GS and glycerealdehyde-3-phosphate 
dehydrogenase) and divided into five different clades (Guerber et al. 2003). A total of 17 isolates 
(A38, CL85, FrC2, FrC5, FrC6, FrC7, FrC21, JA9, PJ2, PJ3, PJ6, PJ23, PJ35, PJ45, PJ46, PJ53, 
VA207) belonged to clade C. Three isolates (A138, A139, and AU1) belonged to clade D. Four 
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isolates (JA8, PJ49, PJ50, and PJ52) belonged to clade F. A total of 3 isolates (NP1, PJ62, and 
PJ64) belonged to clade J. Three isolates (56816, PJ51, and PJ57) belonged to clade J4. Isolate 
56816 is derived from an epitype of C. acutatum from Simmonds' original Queensland 
collections from papaya (Damm et al. 2012). The remaining 10 previously uncharacterized 
isolates were C2, C7, PNY1, FrC12, FrC22, LN2, P1, PJ12, PJ63, and S1. One isolate of C. 
gloeosporioides, PJ37, was used as an outlier for pathogenicity tests and phylogenetic 
comparisons (Table 1). The 40 non-celery isolates came from a range of hosts and countries 
(Table 1).  
 
Molecular analysis. As mentioned previously, the 900-bp intron region of the GS gene has been 
shown to be a robust region for differentiation (Guerber et al. 2003). Also, a catalog of data for 
the GS intron sequence was available locally for comparisons of new sequences. Thus, the GS 
intron was used in this preliminary molecular analysis. The forward primer GSF1 (5'-
ATGGCCGAGTACATCTGG-3') and the reverse primer GSR1 (5'-
GAACCGTCGAAGTTCCAC-3') were used to amplify the GS intron region (Guerber et al. 
2003). A master mix was prepared using the following quantities per DNA sample: 4µL of 
MgCl2 solution (25mM MgCl2), 5µL of 10x buffer, 1.6µL of dNTP solution (with 2.5mM of 
each deoxynucleoside triphosphate), the forward and reverse primers totaling 2µL (either 2µL 
with a mix of 5mM of each primer or 1µL of 10mM of primer for each primer), 35.2 µL of 
purified water, and 0.2µL of Taq polymerase. This 48µL quantity was then added to 2µL of 
50ng/µL DNA. The polymerase chain reaction (PCR) was run for 2 minutes at 94°C before being 
run through 35 temperature cycles with a 30 second denaturation phase at 94°C, a 30 second 
annealing phase at 60°C, and a 1 minute primer extension phase at 72°C. A final primer 
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extension lasting 5 minutes ended the PCR protocol, and the samples were brought to 4°C until 
needed.  
 To verify the presence of the amplified region, 8µL of each sample were analyzed via 
electrophoresis in a 2% agarose gel immersed in TAE buffer. If the region was amplified, 
samples were purified using a Qiagen MiniElute® PCR Purification Kit. These samples were 
then prepared for sequencing. All PCR amplified samples except the VP samples (VP1, VP2, 
VP3, VP4, VP9, VP10, VP13, VP16) were each placed in two 1.5 mL microfuge tubes with 15 
ng of PCR DNA, either 3.4 pmol of GSF1 or 3.4 pmol of GSR1, and enough sterile water for a 
total volume of 13 µL per microfuge tube. These samples were sent for sequencing using an ABI 
3130xl analyzer with BigDye 3.1 chemistry. All PCR amplified samples of the VP isolates were 
each placed into one 1.5 mL microfuge tube with 10-15 ng/µL of PCR DNA and enough sterile 
water for a total volume of 16 µL per microfuge tube.  A 1.5 mL microfuge tube was prepared 
for each primer (GSF1 and GSR1) with 5 µL per isolate (40 µL total) at 5 µM. The samples and 
primers were sent for sequencing using an ABI 3730xl DNA Sequencer. The forward and 
reverse primer sequences were compared and compiled using the Bioedit program (Hall 1999). 
Sixteen of the isolates had previously been sequenced in this lab (56816, A38, A-138, CL85, 
FrC2, FrC7, FrC21, NP1, PJ3, PJ6, PJ23, PJ49, PJ50, PJ62, S1, VA207), and these data were 
included along with those from three previously sequenced C. gloeosporioides isolates (FC226, 
NC211, NC329) used as outliers. The sequences were aligned (Appendix 1) and a bootstrap 
neighbor-joining (N-J) tree was created using Clustal G (Higgins and Sharp 1988, Wilson 2001). 
The resultant tree was then captured in TreeView (Page 1996). 
 
Vegetative compatibility. Vegetative compatibility was assessed using previously published 
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protocols (Brooker et al, 1987; Correll et al, 1987). Three 2 mm2 mycelial blocks of each celery 
isolate were placed on minimal media amended with 3% KClO3 (Appendix 2). Sectors recovered 
from the restricted colonies on chlorate medium were then transferred to a minimal medium that 
contained nitrate as the sole nitrogen source. Sectors that grew as thin expansive colonies were 
considered to be nit mutants. Multiple nit mutants were generated from each isolate and then 
paired on the nitrate medium to identify complementary nit mutants.  
 Complementary nit mutants were used as testers in pairing tests on minimal nitrate 
medium in all combinations to determine which isolates were vegetatively compatible with one 
another. The nit testers were paired with themselves as a negative control.  
 
Pathogenicity and virulence tests on celery. Isolates of C. acutatum sensu lato were grown in 
Petri dishes (100 mm x 15 mm) containing half-strength PDA for 7-14 days to produce 
inoculum. Conidia were harvested from the surface of the plates. A conidial suspension of each 
isolate was made at a concentration of 1 x 106 conidia/mL in sterilized double-distilled water plus 
Tween 0.01% (Rodriguez-Salamanca 2012). Three plants were selected per isolate per repetition 
and the experiment was repeated two times. Seedlings were provided in ~400 seedling lots from 
the greenhouses of a Duda Farms facility in Michigan.  Seedlings were transplanted into square 
100mm (4-inch) diameter pots in the greenhouse, grown in Sunshine LC1 professional growing 
mix, and were watered as needed. All seedlings used had mature, completely unfurled leaflets. 
Because of limited room on the greenhouse and attempts to minimize cross-contamination, the 
isolates were divided into three groups of ~20 isolates with an even distribution of 
Colletotrichum species and celery isolates in each group. Each group had a negative control and 
a virulent reference isolate (Col 10-1). Plants inoculated with the same isolate were grouped 
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together in order for celery with different inoculum to be as separated from each other as 
possible. Inoculation dates for the first group within the two experiments were 1 December 2014 
and 14 September 2015. Inoculation dates for the second group within the two experiments were 
26 November 2014 and 16 September 2015. Inoculation dates for the third group within the two 
experiments were 29 November 2014 and 24 October 2015. Inoculated plants were placed in a 
dew chamber at 100% humidity for approximately 48 hours before being returned to a 
greenhouse. 
Four types of disease symptoms were recorded: percent leaf tissue curling, number of 
leaflets with lesions, number of lesions on petioles, and a crown rot disease severity score. 
Percent area of leaf tissue curling was scored on a 0-6 scale where 0 = 0%; 1 = 1-10%; 2 = 11-
25%; 3 = 26-50%, 4 = 51-75%, 5 = 76-90%; 6 = 91-100%. The number of leaflets with lesions 
and number of lesions on petioles were counted. Crown rot disease severity was scored on a 0-4 
scale based on the amount of necrosis at the heart of the plant where 0 = no necrosis; 1 = no 
girdling of the petioles, but young petioles have either petiole lesions or >=4 leaflets with 
lesions; 2 = 1 girdled necrotic young petiole; 3 =  2-3 girdled necrotic young petioles;  and 4 = 4 
or more girdled necrotic young petioles or the central area of the crown, where all new growth 
would be, has become all necrotic. The midpoint percentage of the leaf curling score was used 
for statistical analysis of the leaf curling data (0 = 0%, 1 = 5.5%, 2 = 18%, 3 = 38%, 4 = 63%, 5 
= 83%, 6 = 95.5%). The crown rot disease severity score for each plant was divided into a 
positive and negative binary crown necrosis score for statistical analysis with a score of 0 being 
negative and a score of 1 or greater being positive. 
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Statistical comparison of disease evaluations. Because of the limited greenhouse space, the 
inoculations were done by dividing the isolates into three subgroups and all isolates were 
evaluated in two repeats of the experiment. To compare the isolates between subgroups and 
repeats, a known highly virulent reference isolate, Col 10-1, was included in each test. To 
determine whether the data between repeats could be combined, Levene's homogeneity of 
variance was performed for each symptom. Analyses of variance (ANOVAs) were performed on 
the four disease parameters (leaf curling, crown necrosis, petiole lesions, and leaflets with 
lesions) for each experimental subgroup.  
 To compare isolates between subgroups and repeats, all of the disease evaluations were 
normalized to the reference isolate Col 10-1. This was done as follows: the overall mean (OM) 
for each symptom of Col 10-1 was calculated by adding the means together from all three 
subgroups in both repeats (six means) and dividing by six. In each experiment, the means of the 
three subgoups for each symptom of Col 10-1 were added together and divided by three to create 
an experimental mean (EM) for each repeat. Then the raw data from each isolate was normalized 
across the three subgroups and two repeats by multiplying OM/EM (with the EM for the 
corresponding repeat) to produce the normalized data. A normalized LSD was calculated across 
all three subgroups and both repeats. The normalized data from the two repeats were then 
combined for statistical analysis.  To visually depict the range of virulence, the three subgroups 
have been combined into one figure for each disease symptom evaluated. 
 The isolate leaf curl averages were compared against all the averages from the three other 
symptoms creating correlation coefficients. These results were used to determine the R-squared 
value of the correlations between leaf curl and the necrotic symptoms. 
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The effect of temperature on celery anthracnose. Observations indicated that symptom 
expression likely was influenced by greenhouse temperatures. As a result, a growth chamber 
experiment was designed using selected isolates to evaluate the impact of temperature on disease 
development. Isolates used were MH03 and Col 10-5 (from celery hosts) and VA207 and PJ62 
(from non-celery hosts). Celery plants were inoculated and incubated in the humidity chamber as 
previously described. After the plants were removed from the humidity chamber, they were 
placed in a growth chamber at either 21, 27, or 32°C. The growth chamber light regime was on a 
twelve hour light:dark cycle. The percent leaf curl was periodically scored over a 25-day period. 
ANOVA and LSD tests with a p value of 0.05 were used to statistically compare the results of 
this experiment.  
 
Results 
Isolates: selection and isolations. A total of 8 isolates of Colletotrichum were recovered from 
symptomatic celery seedlings from the cultivar Duda C-1 celery in September 2014. The eight 
isolates (VP1, VP2, VP3, VP4, VP9, VP10, VP13, VP16) were recovered from symptomatic 
celery as previously described in the materials and methods. 
 
Molecular analysis. It was determined that all celery isolates of Colletotrichum are part of the 
same species within C. acutatum sensu lato based on DNA sequence analysis (Table 1). Using 
the clades designated by Guerber et al. (2003) as reference points and the species designations 
related to these clades provided by Damm et al. (2012), it was determined that the celery isolates 
belong to the species C. fioriniae. A majority (24) of all of the non-celery isolates also were 
characterized as C. fioriniae.   
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 Through use of the National Center for Biotechnology Information's (NCBI's) basic local 
alignment search tool (BLAST), it was determined that all isolates of C. fioriniae from celery 
had 99% to 100% identity with EF593348.1 (Table 2; Appendix 1), a GS intron sequence in 
NCBI Genbank from an isolate established as C. fioriniae. All other C. fioriniae isolates had 
between 98% and 100% identity with EF593348.1. All C. acutatum sensu lato isolates not within 
C. fioriniae had between 89% and 93% identity with EF593348.1, and all C. gloeosporioides 
outliers were determined to be not significantly similar to EF593348.1. The percent identity 
seemed to coincide with the clades. Clade D had between 92% and 93% identity, clade J had 
92% identity for all isolates and clade F had between 89% and 90% identity with EF593348.1. 
 Some of the VP isolates (VP1, VP3, VP4, VP10, VP16) had less than 98% query cover 
with EF593348.1, but all other C. acutatum sensu lato isolates had between 98% and 100% 
query cover. Within the phylogenetic tree, all C. fioriniae isolates from celery and all C. fioriniae 
isolates sequenced were shown to be highly similar (Fig. 1). There was more variation in the first 
seventy and last forty nucleotides for the VP isolates than other C. fioriniae isolates. The 
phylogenetic tree showed all Col isolates (Col 10-1, Col 10-2, Col 10-3, Col 10-4, Col 10-5, Col 
10-6) grouping together and isolates MH01, MH02, MH03, SM01, and VP2 grouping together. 
The other six VP isolates (VP1, VP3, VP4, VP9, VP10, VP13, VP16) were less grouped.  
 The phylogenetic tree (Fig. 1) showed VP2 was more closely related to non-celery 
isolates (C2, FrC2, FrC5, PNY1) than to the similar celery isolates (MH01, MH02, MH03, 
SM01). The Col isolates, while most closely related to each other, were more closely related to 
other non-celery isolates (C7, FrC12, FrC21, FrC22, LN2) than to the other twelve celery 
isolates. Other non-celery isolates were not closely related to any of the celery isolates (FrC6, 
FrC7, JA9, PJ2, PJ3, PJ6, PJ23, PJ35, PJ45, PJ46, PJ53, PJ63). FrC6 seemed to not closely 
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group with other isolates, but JA9, PJ2, PJ3, PJ23, and PJ45 group together and were closely 
related to FrC7, PJ6, PJ35, PJ46, PJ53, and PJ63 which also group together.  
 When looking at all the other isolates sequenced within C. acutatum sensu lato (Fig. 1), 
the isolates grouped together based on species and clade. All C. johnstonii isolates within the F 
clade (P1, PJ49, PJ50, PJ52) grouped together and were more closely related to the other isolates 
in the F clade (PJ12, S1) than to other isolates outside the clade. The 2 C. nymphaeae isolates 
within the D clade (A138, A139) grouped together and were more closely related to the other D 
isolate (AU1) than to other isolates outside the clade. The 3 C. acutatum sensu stricto isolates 
(56816, PJ51, PJ57) grouped together, and the 2 C. lupini isolates (PJ62, PJ64) grouped together. 
These two species along with NP1 are all part of the J clade and were more related to each other 
than other isolates, though the D clade was more closely related to the J clade than the other 
clades. 
 
Vegetative compatibility. Vegetative compatibility testing showed that although the celery 
isolates all belong to the same species, they belong to at least six separate VCG groups (Table 3). 
Nit testers of Col 10-4 (CT4/6, CT 4/23), MH02 (MH02/5), SM01 (SM01/2, SM01/5), VP2 
(VP2/3), VP3 (VP3/12, VP3/14), VP4 (VP4/7), VP9 (VP9/1), and VP10 (VP10/1) were created 
and paired against nit mutants of all 18 celery isolates. Nit testers were paired with themselves, 
and self-pairings never formed anastomoses. 
 From these pairings, 6 vegetative compatibility groups (VCGs) were designated (Table 
3).  Nit mutants of VP1 (VP1/1), VP2 (VP2/5), and VP4 (VP4/3) all paired with VP2/3 and 
VP4/7, but not with any other testers (Appendix 2) and were designated VCG1. Nit mutants of 
VP3, VP13, and VP16 all paired with VP3/12 and VP3/14, but not with any other testers and 
 19 
 
were designated VCG2. Nit mutants of VP9 (VP9/1) and VP10 (VP10/1) paired with each other 
but not with any other testers and were designated VCG3. Nit mutants of MH01 (MH01/1), 
MH02 (MH02/3), and MH03 (MH03/5) all paired with MH02/5, but not with any other testers 
and were designated VCG4. Nit mutants of SM01 (SM01/4, SM01/5) paired with SM01/2, but 
not with any other testers and were designated VCG5. Nit mutants of Col 10-1 (CT1/2), Col 10-2 
(CT2/5), Col 10/3 (CT3/2), Col 10-4 (CT4/2, CT4/9), and Col 10-6 (CT6/4) all paired with 
testers CT4/6 and CT4/23 but not with any other testers. Testers CT4/6 and CT4/23 paired with 
each other; so, one is likely a nitM mutant with the other being a nit3 mutant and were 
designated VCG6. The nit mutant CT4/12 did not pair with CT4/23, but paired with CT4/6 so 
likely had the same mutation type as CT4/23. The nit mutant of Col 10-5 (CT5/6) did not pair 
with any of the testers and may be in its own group, but no tester of Col 10-5 was successfully 
generated to confirm this.  
 
Pathogenicity and virulence tests on celery. There was a wide range in virulence on celery 
observed among both the celery and non-celery isolates when leaf curl symptoms, crown 
necrosis, petiole lesions, and leaflets with lesions were evaluated.  During the two repeats that 
used all the isolates, the temperature ranged from 18.8 to 27.6°C during the first run (18.8 to 
27.6°C for all subsets) and from 17.9 to 34.4°C during the second run (19.2 to 34.4°C for subsets 
1 and 2 and 17.9 to 25.5°C for subset 3). There was no clear pattern found between greenhouse 
temperatures and variation in disease symptoms.  
 Using Levene's test with a 0.05 significance level, all symptoms except for number of 
leaflets with lesions were found within all subsets to be homogeneous between the two repeats. 
None of the subsets of the leaflets with lesions data was found to be homogeneous.  
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 The average percent leaf curl (Fig. 2) caused by a celery isolate was over 40% for 
thirteen of the fourteen isolates tested, and the two most virulent isolates were celery isolates 
(VP3, VP16). Most of the celery isolates were among the more virulent isolates. Non-celery 
isolates of C. fioriniae had leaf curl symptoms that ranged from 3.6% (FrC7) to 87.3% (FrC2). 
Other non-celery isolates ranged from 0.0% (PJ64) to 16.2% (PJ57). The individual ratings for 
each of the three subset of isolates also was compared (Appendix 3). 
 Thirteen isolates showed evidence of crown necrosis on every plant observed (Fig. 3) 
These included 7 celery isolates (Col 10-3, MH01, MH02, MH03, VP2, VP3, VP16) and 6 non-
celery isolates (C7, CL85, FrC2, JA9, S1, VA207). Non-celery isolates were in some cases 
asymptomatic while the celery isolate with the least evidence of crown necrosis was Col 10-5 at 
47 percent plants with crown necrosis. The individual ratings for each of the three subset of 
isolates also was compared (Appendix 4). 
All celery isolates caused petiole lesions and had a mean of at least 2.0 lesions per plant 
(Fig. 4). The non-celery isolates ranged from highly virulent to completely asymptomatic both 
looking at C. fioriniae isolates (FrC7 to CL85) and other isolates (NP1 to A-139). A non-celery 
isolate (A-139) had the most lesions. The individual ratings for each of the three subset of 
isolates also was compared (Appendix 5). 
 The average number of leaflets with lesions per celery plant ranged from 0.0 to 39.0 
leaflets (Fig. 5), and two non-celery isolates (A-139 and JA9) produced the most leaflets with 
lesions per plant. The rest of the celery and non-celery isolates varied widely in number of 
leaflets with lesions per plant, with the celery isolates ranging from 7.2 to 15.6. The non-celery 
isolates of C. fioriniae ranged from 0.0 leaflets with lesions per plant (FrC5) to 28.4 (JA9). The 
individual ratings for each of the three subset of isolates also was compared (Appendix 6).  
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 A wide range in pathogenicity/virulence on celery was observed among the isolates 
examined. Celery isolates of C. fioriniae all caused symptoms of all four types (leaf curl, crown 
necrosis, petiole lesions, leaflets with lesions). Non-celery isolates of C. fioriniae all produced 
some level of leaf curl, but did not necessarily cause the other symptoms though certain isolates 
such as CL85 caused symptoms as severe as the most virulent celery isolates. Isolates in other 
clades did not cause as severe leaf curl as many isolates of C. fioriniae, but could cause crown 
necrosis and just as many petiole and leaflet lesions. 
 Many of the most virulent isolates were C. fioriniae in clade C1, but isolates of C. 
acutatum (PJ51, PJ57) in clade J4 and C. nymphaeae (A-138, A-139) in clade D along with the 
other D isolate (AU1) showed symptoms of virulence as well. Isolates PJ51 and PJ57 caused a 
number of lesions on the leaflets and consistent lesions on the petioles. Isolate 56816 of C. 
acutatum and other isolates in the J clade (NP1, PJ62, PJ64) were not significantly different from 
the negative controls in the symptoms evaluated. Thus, isolates of C. lupini did not appear to be 
virulent. One isolate in clade F (S1) caused a number of leaflet lesions, but no other clear 
symptoms, and the other six isolates of clade F did not appear to be virulent. Thus, no isolates of 
C. johnstonii appeared to be virulent. Isolates of C. nymphaeae caused a number of lesions in the 
leaflets and petioles and caused crown necrosis, but did not cause significant leaf curling.   
 The data showed correlations between percent leaf curling and percent plants with crown 
necrosis (R2=0.5942) and between percent leaf curling and the number of petiole lesions 
(R2=0.4775, Fig. 6). The number of leaflets with lesions was not correlated with percent leaf 
curling (R2=0.1734). 
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The effect of temperature on celery anthracnose. The experiment that evaluated the influence 
of temperature on disease symptoms showed significant differences in the two symptoms 
examined. Celery leaf curl was more severe at 27°C and 32°C than at 21°C (Fig. 7). The leaf curl 
symptoms were not significantly different between 27°C and 32°C. The number of leaflets with 
lesions was higher at 27°C than at 21°C (Fig. 8). The number of leaflets with lesions at both 
temperatures was lower than results typically observed in the greenhouse. At 27°C (the 
temperature with more symptoms), approximately 1.7 lesions were produced per plant while in 
the greenhouse, 89 % of the isolates averaged between 1.8 and 25.9 lesions per plant.  
 
Discussion 
 Though preliminary testing solely used GS intron sequences for creating phylogenetic 
trees, further testing should also include additional gene sequences for a more robust assessment 
of the phylogeny of the isolates (Cia et al. 2011). Based on the six sequences tested for species 
differentiation in the seminal work by Damm et al. (2012), the two sequences that differentiated 
species within C. acutatum sensu lato most consistently were the GPDH intron and the beta-
tublin (TUB2) sequences. The internal transcribed spacers (ITS) and chitin synthase (CHS-1) 
sequences differentiated the fewest species. The histone3 (HIS3) sequences most effectively 
differentiated multiple species that were less clearly differentiated by GPDH or TUB2, and actin 
(ACT) sequences showed intermediate differentiation of species. Using the TUB2 sequences is 
complicated by the fact that the researchers had to use two primer pairs, one using degenerate 
primers and one not, in order to successfully sequence all of their isolates. To avoid the 
complications of the TUB2 gene, further research should analyze the isolates sequenced herein 
using the GPDH and HIS3 genes.  
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 Based in the GS intron sequences, C. fioriniae is the probable pathogen causing celery 
leaf curl in Michigan and is supported by similar findings elsewhere. Based on the GS intron 
sequences, celery isolates grouped into the previously described C1 clade (Guerber et al. 2003) 
and would be classified as C. fioriniae (Damm et al. 2012). C. acutatum sensu lato has been 
associated with leaf curl on celery since 1981 (Wright and Heaton 1991). Celery leaf curl, also 
known as celery anthracnose, in Japan was later found to be caused more specifically by C. 
fioriniae (Fujinaga et al. 2011). Though further sequencing should be done to verify the US 
celery isolates using GCPSR, the research supports the likelihood of the US celery isolates 
belonging to C. fioriniae.  
 Given the diversity of the GS intron sequences and the number of VCGs found amongst 
isolates from US celery, it can be speculated that the celery pathogen has been present before 
2010. All the isolates recovered from celery were closely related to one another based on the GS 
intron sequence analysis. Despite being closely related, groups of celery isolates clearly 
differentiated, and twelve of the non-celery isolates that were examined were closely related to 
the celery isolates of C. fioriniae. In fact, there were non-celery isolates more similar in sequence 
to certain celery isolates than those celery isolates were to other celery isolates. For example, 
SM01 is closer in sequence to FrC5 than to Col 10-1. It should be noted that all non-celery 
isolates closely related to the celery isolates came from US-collected isolates (from Arkansas, 
Massachusetts, and Michigan) and none came from the nine C. fioriniae isolates from New 
Zealand. The VCG tests also supported the idea that celery isolates are not clonal. It seems more 
reasonable, given the diversity of celery isolates and their close relation to non-celery isolates 
from multiple spread-out states within the US, that the pathogen is not an import and more likely 
comes from local populations. 
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 Isolates of C. fioriniae from non-celery hosts can still cause celery leaf curl in the 
greenhouse.  When exposed to high concentrations of spores in a warm, high humidity 
environment it was shown that isolates of C. fioriniae could cause disease whether or not they 
were isolated from celery. Non-celery isolates from the US and New Zealand caused disease 
severity symptoms equivalent with the celery isolates. This supports the idea that the pathogen 
causing celery leaf curl in not host specialized to celery and, like many isolates of C. acutatum 
sensu lato, probably has a wide host range. The pathogen may have been producing these 
symptoms on a smaller scale in the greenhouse previously and was overlooked until ideal 
conditions made it much more damaging to the crops. It is also possible that the symptoms were 
previously mistaken for some other disease or pest problem, like boron deficiency or aster 
yellows, and the plants were disposed of without closer inspection.  
 While assessing the symptoms of celery leaf curl, it became clear that the virulence 
testing had multiple experimental or biological factors complicating the assessment of the 
isolates and, depending on the circumstances of future testing, could use various methods to 
improve consistency and accuracy. Before any testing is started, a clear idea of what statistical 
analyses will be run and how design changes might potentially hinder the use of these analyses. 
Including newly isolated celery isolates in later tests required the exclusion of the earlier test for 
proper ANOVA analysis. Within the tests themselves, the water control showed some level of 
disease symptoms. Too little space in the greenhouse and dew chambers without partitioning was 
the main issue here. Although the plants in the dew chamber were not moved much during their 
time there, the plants may have been jostled at some point when placing them inside or taking 
them out. The watering of the plants using a top down method in the greenhouse could easily 
have allowed spores to travel with water rebounding off of the highly elastic petioles and land on 
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the plants despite plants being spaced as far apart as possible in the greenhouse. Issues with 
water splash were mitigated with watering close to the soil, but this did not prevent all water 
splash and when nearby plants were watered for other experiments, there were petioles that could 
easily be hit incidentally. The plants inoculated with the same isolate were grouped together to 
maximize space between plants inoculated with different isolates. It was expected that there 
would be little microclimate variation within the greenhouse. Ideally, each plant would be 
randomly placed within a randomized block design. Either larger spaces for greenhouses and 
dew chambers could be used to deter spread of inoculum, the number of isolates used in each 
tested subset placed in the dew chamber could be reduced and not placed in the same greenhouse 
as other subsets, drip irrigation could be provided, or containers could be designed to block each 
set of inoculated plants from the others. It was also found that through the course of the 
experiments that temperature had a significant impact on disease symptoms. Neither the dew 
chamber nor the greenhouse were temperature-controlled. If one could have access to a large 
enough, temperature-controlled dew chamber and to temperature-controlled greenhouses or 
growth chambers, it would be ideal so as to minimize extraneous factors influencing the disease 
symptoms. 
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Table 1.  Diversity of Colletotrichum acutatum sensu lato isolates studied 
Isolates   Species1   Clade2   Host   Geographical origin 
Col 10-1  C. fioriniae  C1  celery  Michigan 
Col 10-2  C. fioriniae  C1  celery  Michigan 
Col 10-3  C. fioriniae  C1  celery  Michigan 
Col 10-4  C. fioriniae  C1  celery  Michigan 
Col 10-5  C. fioriniae  C1  celery  Michigan 
Col 10-6  C. fioriniae  C1  celery  Michigan 
MH01  C. fioriniae  C1  celery  USA 
MH02  C. fioriniae  C1  celery  USA 
MH03  C. fioriniae  C1  celery  USA 
SM01  C. fioriniae  C1  celery  USA 
VP1  C. fioriniae  C1  celery  Michigan 
VP2  C. fioriniae  C1  celery  Michigan 
VP3  C. fioriniae  C1  celery  Michigan 
VP4  C. fioriniae  C1  celery  Michigan 
VP9  C. fioriniae  C1  celery  Michigan 
VP10  C. fioriniae  C1  celery  Michigan 
VP13  C. fioriniae  C1  celery  Michigan 
VP16  C. fioriniae  C1  celery  Michigan 
A38  C. fioriniae  C1  apple  Arkansas 
C2  C. fioriniae  C1  onion  Michigan 
C7  C. fioriniae  C1  onion  Michigan 
CL85  C. fioriniae  C1  apple  Arkansas 
FrC2  C. fioriniae  C1  dodder  Massachusetts 
FrC5  C. fioriniae  C1  dodder  Massachusetts 
FrC6  C. fioriniae  C1  dodder  Massachusetts 
FrC7  C. fioriniae  C1  dodder  Massachusetts 
FrC12  C. fioriniae  C1  unknown  Massachusetts 
FrC21  C. fioriniae  C1  cranberry  Massachusetts 
FrC22  C. fioriniae  C1  unknown  Massachusetts 
JA9  C. fioriniae  C1  almond  California 
LN2  C. fioriniae  C1  blueberry  Arkansas 
PJ2  C. fioriniae  C1  pear  New Zealand (Auckland) 
PJ3  C. fioriniae  C1b  puriri  New Zealand (Auckland) 
PJ6  C. fioriniae  C1b  citrus  New Zealand (Auckland) 
PJ23  C. fioriniae  C1b  avocado  New Zealand 
PJ35  C. fioriniae  C1  squash  New Zealand (Auckland) 
PJ45  C. fioriniae  C1  cherimoya  New Zealand (Auckland) 
PJ46  C. fioriniae  C1  cherimoya  New Zealand (TePuke) 
PJ53  C. fioriniae  C1  quince  New Zealand (Auckland) 
 
1: Species as described by Damm et al. (2012) 
2: Clades as described by Guerber et al. (2003) 
3: NA=not applicable; C. gloeosporioides is an outlier not belonging to C. acutatum sensu lato or 
its clades. 
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Table 1 cont.  Diversity of Colletotrichum acutatum sensu lato isolates studied 
Isolates  Species1  Clade2  Host  Geographical origin 
PJ63  C. fioriniae  C1  magnolia  New Zealand (Auckland) 
PNY1  C. fioriniae  C1b  peony  Arkansas 
VA207  C. fioriniae  C1  apple  Arkansas 
AU1  unknown  D1  strawberry  Florida 
A138  C. nymphaeae  D  apple  Arkansas 
A139  C. nymphaeae  D4  apple  Arkansas 
PJ12  unknown  F  unknown  New Zealand 
S1  unknown  F1  rhododendron  Sweden (Helsingborg) 
JA8  C. godetiae  F3  almond  California 
P1  C. johnstonii  F  peanut  unknown 
PJ52  C. johnstonii  F6  tomato  New Zealand (Auckland) 
PJ49  C. johnstonii  F8  citrus  New Zealand (Clifton) 
PJ50  C. johnstonii  F8  citrus  New Zealand (Clifton) 
PJ62  C. lupini  J2  lupine  France 
PJ64  C. lupini  J2  lupine  Canada 
56816  C. acutatum  J4  papaya  New Zealand 
PJ51  C. acutatum  J4  tomato  New Zealand (Auckland) 
PJ57  C. acutatum  J4  guava  New Zealand (Auckland) 
NP1  unknown  J5  strawberry  Brazil (San Paulo) 
PJ37  C. gloeosporioides  NA3  unknown  New Zealand 
 
1: Species as described by Damm et al. (2012) 
2: Clades as described by Guerber et al. (2003) 
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Table 2. GS sequence comparisons of Colletotrichum acutatum sensu lato isolates 
Isolates1  
GS Segment 
Length (bp)2  Species3  Clade4  Ident5  
Query 
cover5 
EF593348.1  902  C. fioriniae  C1  100%  100% 
VP2  902  C. fioriniae  C1  100%  100% 
Col 10-1  902  C. fioriniae  C1  99%  100% 
Col 10-2  902  C. fioriniae  C1  99%  100% 
Col 10-3  902  C. fioriniae  C1  99%  100% 
Col 10-4  902  C. fioriniae  C1  99%  100% 
Col 10-5  902  C. fioriniae  C1  99%  100% 
Col 10-6  902  C. fioriniae  C1  99%  100% 
MH01  902  C. fioriniae  C1  99%  100% 
MH02  902  C. fioriniae  C1  99%  100% 
MH03  902  C. fioriniae  C1  99%  100% 
SM01  902  C. fioriniae  C1  99%  100% 
VP9  903  C. fioriniae  C1  99%  100% 
VP13  902  C. fioriniae  C1  99%  98% 
VP3  890  C. fioriniae  C1  99%  96% 
VP10  912  C. fioriniae  C1  99%  95% 
VP4  906  C. fioriniae  C1  99%  94% 
VP16  902  C. fioriniae  C1  99%  94% 
VP1  902  C. fioriniae  C1  99%  91% 
A38  902  C. fioriniae  C1  99%  100% 
C2  902  C. fioriniae  C1  100%  100% 
FrC2  902  C. fioriniae  C1  100%  100% 
FrC5  902  C. fioriniae  C1  100%  100% 
PNY1  902  C. fioriniae  C1  100%  100% 
C7  901  C. fioriniae  C1  99%  100% 
CL85  902  C. fioriniae  C1  99%  100% 
FrC6  902  C. fioriniae  C1  99%  100% 
FrC21  902  C. fioriniae  C1  99%  100% 
FrC22  902  C. fioriniae  C1  99%  100% 
LN2  902  C. fioriniae  C1  99%  100% 
VA207  902  C. fioriniae  C1  99%  100% 
FrC12  902  C. fioriniae  C1  99%  99% 
PJ23  902  C. fioriniae  C1  99%  99% 
FrC7  902  C. fioriniae  C1  98%  100% 
JA9  901  C. fioriniae  C1  98%  100% 
PJ2  902  C. fioriniae  C1  98%  100% 
1: EF593348.1 is a C. fioriniae isolate from the NCBI BLAST database to use as a reference 
against the other isolates for Ident and Query cover.  The subsequent 18 isolates are the ones 
isolated from celery (VP2 to VP1) 
2: Length of GS intron segment between primers GSF and GSR 
3: Species as described by Damm et al. (2012) 
4: C. acutatum sensu lato clades as described by Guerber et al. (2003) 
5: Identity and Query Cover are from NCBI BLAST using EF593348.1 
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Table 2 cont. GS sequence comparisons of Colletotrichum acutatum sensu lato isolates 
Isolates1  
GS Segment 
Length (bp)2  Species3  Clade4  Ident5  
Query 
cover5 
PJ3  902  C. fioriniae  C1  98%  100% 
PJ6  903  C. fioriniae  C1  98%  100% 
PJ35  902  C. fioriniae  C1  98%  100% 
PJ45  902  C. fioriniae  C1  98%  100% 
PJ46  902  C. fioriniae  C1  98%  100% 
PJ53  902  C. fioriniae  C1  98%  100% 
PJ63  902  C. fioriniae  C1  98%  100% 
AU1  893  unknown  D1  93%  100% 
A139  888  C. nymphaeae  D4  93%  98% 
A138  892  C. nymphaeae  D  92%  100% 
PJ62  900  C. lupini  J2  92%  100% 
PJ64  900  C. lupini  J2  92%  100% 
56816  885  C. acutatum  J4  92%  100% 
PJ51  886  C. acutatum  J4  92%  100% 
PJ57  886  C. acutatum  J4  92%  100% 
NP1  902  unknown  J5  92%  100% 
PJ12  889  unknown  F  90%  100% 
S1  891  unknown  F1  90%  99% 
JA8  NA  C. godetiae  F3  NA3  NA3 
P1  890  C. johnstonii  F  89%  100% 
PJ52  890  C. johnstonii  F6  89%  100% 
PJ49  890  C. johnstonii  F8  89%  100% 
PJ50  890  C. johnstonii  F8  89%  100% 
PJ37  910  C. gloeosporioides  NA  NS  NS 
FC226  908  C. gloeosporioides  NA  NS  NS 
NC211  912  C. gloeosporioides  NA  NS  NS 
NC329   908   C. gloeosporioides   NA   NS   NS 
1: EF593348.1 is a C. fioriniae isolate from the NCBI BLAST database to use as a reference 
against the other isolates for Ident and Query cover.  The subsequent 18 isolates are the ones 
isolated from celery (VP2 to VP1) 
2: Length of GS intron segment between primers GSF and GSR 
    NA = not applicable; isolate JA8 was not sequenced using the GS intron segment 
3: Species as described by Damm et al. (2012) 
4: C. acutatum sensu lato clades as described by Guerber et al. (2003) 
    NA = not applicable; C. gloeosporioides is not within C. acutatum sensu lato and therefore  
    does not belong to a clade 
5: Ident and Query Cover are from NCBI BLAST using EF593348.1 as a reference 
   NS = not significant; there were no significant similarities between EF593348.1 and the  
   C. gloeosporioides isolates 
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Table 3. Vegetative compatibility groups of C. fioriniae from celery 
VCG of C. fioriniae 
from celery  Isolates  Source  
Year 
isolated 
VCG 1  VP1, VP2, VP4   Michigan, USA  2014 
VCG 2  VP3, VP13, VP16  Michigan, USA  2014 
VCG 3  VP9, VP10  Michigan, USA  2014 
VCG 4  MH01, MH02, MH03  Virginia Tech, USA  2010 
VCG 5  SM01  Penn State U, USA  2010 
VCG 6  
Col 10-1, Col 10-2,  
Col 10-3, Col 10-4,  
Col 10-6 
 Michigan, USA  2010 
Not Determined  Col 10-5  Michigan, USA  2010 
 
 
 33 
 
Figure 1. Phylogram of diverse clades of isolates of C. acutatum sensu lato1 
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Figure 2. Normalized average celery leaf curl symptoms from all C. acutatum sensu lato inoculations 
 
1 Data was normalized using the pathogenic reference isolate (Col 10-1, highlighted in orange). Data was analyzed with a standard 
ANOVA among isolates and the LSD of p = 0.05 was determined. 
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Figure 3. Normalized percent plants with crown necrosis on celery from all C. acutatum sensu lato inoculations 
 
1 Data was normalized using the pathogenic reference isolate (Col 10-1, highlighted in orange). Data was analyzed with a standard 
ANOVA among isolates and the LSD of p = 0.05 was determined. 
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Figure 4. Normalized average number of petiole lesions per celery plant from all C. acutatum sensu lato inoculations 
 
1 Data was normalized using the pathogenic reference isolate (Col 10-1, highlighted in orange). Data was analyzed with a standard 
ANOVA among isolates and the LSD of p = 0.05 was determined. 
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Figure 5. Normalized average number of leaflets with lesions per celery plant from all C. acutatum sensu lato inoculations 
 
1 Data was normalized using the pathogenic reference isolate (Col 10-1, highlighted in orange). Data was analyzed with a standard 
ANOVA among isolates and the LSD of p = 0.05 was determined. 
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Figure 6. Correlation of leaf curl symptoms on celery with necrotic symptoms on celery 
 
1: Correlation coefficients were determined comparing all the averaged results of each isolate for each symptom to the leaf curl 
symptoms and the R-squared value was found. 
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Figure 7. Effect of temperature on celery leaf curl symptoms from celery plants inoculated  
with pathogenic C. acutatum sensu lato isolates1 
 
1: Pathogenic isolates used were Col 10-5, MH03, and VA207. Data was analyzed with a 
standard ANOVA among isolates and groups a and b were determined with a LSD of p = 0.05 
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Figure 8. Effect of temperature on the number of leaflets with lesions on a celery plant  
inoculated with pathogenic C. acutatum sensu lato isolates1 
 
1: Pathogenic isolates used were Col 10-5, MH03, and VA207. Data was analyzed with a 
standard ANOVA among isolates and groups a and b were determined with a LSD of p = 0.05 
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Appendix 1. C. fioriniae GS intron sequence comparisons 
App-Fig 1a. The 900mb GS intron sequence alignment of C. fioriniae isolates from celery 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 5          15         25         35         45         55         65         75         85                              
Col 10-5     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
Col 10-6     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
Col 10-4     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
Col 10-3     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
Col 10-2     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
Col 10-1     GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
MH01         GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
MH02         GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
MH03         GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
SM01         GTAC------ --GT-----T CGCGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
VP1          GTAC----TC TGGTGGA-CT T-CGAC-GGC TCATA-TGG- C---CGAGTA C-T--CTG-G ---GGGAGCT TCTA-CGTTA TTTTCCCCGG  
VP4          GTAC----TC TGGAGGA-CT T-CAAC-GGC ACATA-TGG- GT--CGAGTA C-T--CTG-G ---GGGAGCT -CAATCAT-A TTTACCCCGG  
VP10         GTACA---TC TGGTGGAACT T-AGACCGGC ACATA-TGG- C---CGAGTA CAT--CTG-G ATTGGGAGCT TTTT-CAT-A TTTTCCCCGG  
VP16         GTACAGTCTC TGGTGGA-CT T-CGAC-GGT TCATA-T-G- C---CGAGTA T-T--CTG-G CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
VP3          GTAC---TTC ACCAGCACCT T--GTC--TT TCTTA-T--- --------T- C-T--TTG-C -TTTG--GCT TTTT-CAT-A TTTTCCCCGG  
VP13         GTAC------ --GT--ATCT A-CCACCGGC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
VP9          GTAC------ --GT--A--T A-CGACCGAC ACCTAGT--- CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
VP2          GTAC------ --GTTCA--- --CGACAAAC ACCT--T-GT CTTTC--TTA T-T--CTTTG CTTTG--GCT TTTT-CAT-A TTTTCCCCGG  
56816        GTAC------ --GT-----T CACAAC-AAC -CATC-TTGT CTTT--TTTA T-TCCCTC-- CTTTG--GCT TTTT-CAT-G TTTTCCCCGG 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 95        105        115        125        135        145        155        165        175                       
Col 10-5     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
Col 10-6     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
Col 10-4     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
Col 10-3     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
Col 10-2     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
Col 10-1     -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
MH01         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
MH02         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
MH03         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
SM01         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP1          AGGAC-TTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP4          AGCCC-TTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP10         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP16         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP3          -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP13         -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCTACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
VP9          -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
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             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 95        105        115        125        135        145        155        165        175                       
VP2          -GCCCCTTTG TGGTGCTCCA GACGCTTTAG CTCGCTATTC CACCAGAAAA TGCCACTCGC CCAGCTCTTT CCTGTTGCGA TGCGATACAG  
56816        -GCCC-TTCG TGGTGCTCTA GACGCTCTAG CCCGCTACTC CACCGGAAAA TGTCACTCAC CCAGCCCTTT CCTGTTGCGA TGCGACACAG  
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                185        195        205        215        225        235        245        255        265                      
Col 10-5     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
Col 10-6     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
Col 10-4     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
Col 10-3     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
Col 10-2     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
Col 10-1     TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
MH01         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
MH02         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
MH03         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
SM01         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP1          TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP4          TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP10         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP16         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP3          TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP13         TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTACATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP9          TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
VP2          TTTGAAAGTT TGAGCTGGTT CATGCCTACA CTCTTGCATC TGTGTCGACG GTTGCATCAA CGAAAAAGCT GGGGCAGCGG GTCGTCTTGC  
56816        TT-------- TGAGCTGGTT CATGCCTTCA CTCTTACATC TGTGTCGACG GTTGCATCAA CGGAAAAGCT GGGGCAGCGG GTCGTCTTGC  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                275        285        295        305        315        325        335        345        355                      
Col 10-5     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
Col 10-6     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
Col 10-4     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
Col 10-3     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
Col 10-2     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
Col 10-1     TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
MH01         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
MH02         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
MH03         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
SM01         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP1          TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP4          TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP10         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP16         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP3          TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
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             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                275        285        295        305        315        325        335        345        355                      
VP13         TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP9          TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
VP2          TCTGGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAATAGCG GGCAAAAAGC TGTGGGCGGG CGAGCGAGCG GCAGCAGATG  
56816        TCTAGATTCA TCCCCTACGG GATGTCTCCG ACTTCCGGCT GGGAGTAGCG GACAAAAAGC TGTGGGCGGG TGAGCAAGCG GCAGTAGATG  
 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                365        375        385        395        405        415        425        435        445                      
Col 10-5     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
Col 10-6     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
Col 10-4     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
Col 10-3     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
Col 10-2     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
Col 10-1     CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
MH01         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
MH02         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
MH03         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
SM01         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP1          CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP4          CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP10         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP16         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP3          CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP13         CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP9          CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
VP2          CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAACA CACACCACCT GCCCCTCCAG TGCGCAGTT- CTCGCGGTGG GTGGTACGTA  
56816        CGGCGGCGAC ATGCACTGGG GCTTGGCGGG GGTCAAAA-A CACACCACCT GCCCCTCCAG TGCGC-GTTT CTGGTGGTGG GTGGTACGTA  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                455        465        475        485        495        505        515        525        535                      
Col 10-5     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
Col 10-6     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
Col 10-4     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
Col 10-3     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
Col 10-2     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
Col 10-1     CCTGTTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
MH01         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
MH02         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
MH03         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
SM01         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP1          CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
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             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                455        465        475        485        495        505        515        525        535                      
VP4          CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP10         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP16         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP3          CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP13         CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP9          CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
VP2          CCTGGTCGTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAAG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
56816        CCTGTTCCTG CTGCTTTGGT CTTGGTCTCT TCTTTCGAGG GCCACGGCCG GACTGGCTGA AAGGATTCGA TCACGACTCG ATCCTGCAAG  
 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                545        555        565        575        585        595        605        615        625                      
Col 10-5     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
Col 10-6     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
Col 10-4     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
Col 10-3     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
Col 10-2     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
Col 10-1     GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
MH01         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
MH02         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
MH03         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
SM01         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP1          GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP4          GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP10         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP16         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP3          GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP13         GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP9          GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
VP2          GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCGTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
56816        GAACCCCACC CCACGTCCGC CTGGCTCCAA GTCTTTTTTG CCTTGCCTCC AGCTGCAGGG TTGAACGCCG CAGCTCGGGT ATTGGAGGTC  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                635        645        655        665        675        685        695        705        715                      
Col 10-5     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
Col 10-6     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
Col 10-4     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
Col 10-3     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
Col 10-2     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
Col 10-1     TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
MH01         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
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             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                635        645        655        665        675        685        695        705        715                      
MH02         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
MH03         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
SM01         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP1          TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP4          TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP10         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP16         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP3          TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP13         TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGCCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP9          TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
VP2          TTGCAAGTTG CTGCCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT TTTCGGTGAA CCGGTTGGCC AGCCGGCGGC CGAGGGTCGT  
56816        TTGCAAGTTG CTACCGCATC GTCAGCCCCC CCTTTTGGCC GTCGGCGCGT CTTCGGTGAA CCGGTTGGCC AGCCGCCGGC CGAGGGTCGT  
 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                725        735        745        755        765        775        785        795        805                      
Col 10-5     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
Col 10-6     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
Col 10-4     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
Col 10-3     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
Col 10-2     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
Col 10-1     TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
MH01         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
MH02         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
MH03         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
SM01         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP1          TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP4          TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP10         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP16         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP3          TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP13         TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP9          TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
VP2          TGCTGTTCTC CACGCAATGC CCACGATCCC CAATGGGGCC ACTGGGGG-T AGCTCCGCCT GGCATCGTCA GCCTGACGGC AAGGCGCGAC  
56816        TGCTGTTCTC CACGCAATGC C-AC------ -AATGGGGCC ACTGGGGGGT AGCTCCGCCC GGCATCGTCA GCCTGACGGC AAGGCGCGGC  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                815        825        835        845        855        865        875        885        895                      
Col 10-5     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
Col 10-6     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
Col 10-4     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
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App-Fig 1a cont. The 900mb GS intron sequence alignment of C. fioriniae isolates from celery 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                815        825        835        845        855        865        875        885        895                      
Col 10-3     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
Col 10-2     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
Col 10-1     GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
MH01         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
MH02         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
MH03         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
SM01         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP1          GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC CAC--ATATC  
VP4          GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-AG-  
VP10         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP16         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP3          GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP13         GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP9          GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
VP2          GCATGATGTC AGCCTCGATA GCCAAGATGG CCCACGAGCT CGCCCGCGCA TGCCTCTATT CACACTTGCA TCATAGTGCC -AC-CA-ATT  
56816        GCATGATGTC AGCCTTGACA GTCAAGATGG CACACGAGCT CTCCCGCGCA CGCCTCTATT CACACTTGCA TCATAGCGCA -ACGCATAT-  
 
 
             ....|....| ....|....| ....|....| ....|. 
                905        915        925        935      
Col 10-5     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
Col 10-6     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
Col 10-4     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
Col 10-3     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
Col 10-2     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
Col 10-1     GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
MH01         GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
MH02         GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
MH03         GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
SM01         GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
VP1          GTCATCATGG ACCT--C--- -TAT--GC-T CTATAG 
VP4          GTCATCATGA AACTAACAAA -TAT--GCCT CTATAG 
VP10         GTCATCATGA AACTAACAA- -TAT--GCCT CTATAG 
VP16         GTCATCA-GA AACTAAC--- -TA------T ATATAG 
VP3          GTCATCA-GA AACTAAC--- -TA------A ATATAG 
VP13         GTCATCA-GA AACTAACAA- --ATT-GCCT GTATAG 
VP9          GTCATCATGA AACTAACTAA ATAT--GCCT GTATAG 
VP2          GTCATCATGA AACTAACAA- --ATTTGCCT CTATAG 
56816        -TCATCATGT AGCTAACAA- --ATTTGCCT CCATAG 
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App-Fig 1b. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 5          15         25         35         45         55         65         75         85                              
Col 10-5     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
Col 10-6     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
Col 10-4     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
Col 10-2     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
Col 10-3     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
Col 10-1     GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC21        GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC22        GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
LN2          GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC12        GTGC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
C7           GTAC------ ----G----T TCACGACAA- CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
C2           GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC2         GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC5         GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
PNY1         GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
VP2          GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
MH01         GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
MH02         GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
MH03         GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
SM01         GTAC------ ----G----T TCGCGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
VP1          GTAC----TC TGGTGGA-CT TC--GAC-GG CTCATA-TGG -C---CGAGT AC-T--CTG- G---GGGAGC TTCTA-CGTT ATTTTCCCCG  
VP4          GTAC----TC TGGAGGA-CT TC--AAC-GG CACATA-TGG -GT--CGAGT AC-T--CTG- G---GGGAGC T-CAATCAT- ATTTACCCCG  
VP10         GTACA---TC TGGTGGAACT TA--GACCGG CACATA-TGG -C---CGAGT ACAT--CTG- GATTGGGAGC TTTTT-CAT- ATTTTCCCCG  
VP16         GTACAGTCTC TGGTGGA-CT TC--GAC-GG TTCATA-T-G -C---CGAGT AT-T--CTG- GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
VP3          GTAC---TTC ACCAGCACCT T---GTC--T TTCTTA-T-- ---------T -C-T--TTG- C-TTTG--GC TTTTT-CAT- ATTTTCCCCG  
VP13         GTAC------ --GT--ATCT AC--CACCGG CACCT--T-G TCTTTC--TT AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
VP9          GTAC------ --GT--A--T AC--GACCGA CACCTAGT-- -CTTTC--TT AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
A38          GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
CL85         GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
VA207        GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC6         GTAC------ ----G----T TCACGACAAA CACCT--T-G TCTTTCT--T AT-T--CTTT GCTTTG--GC TTTTT-CAT- ATTTTCCCCG  
FrC7         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ35         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ46         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ53         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ63         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ6          GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ2          GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ3          GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ45         GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
PJ23         GAAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 5          15         25         35         45         55         65         75         85                              
JA9          GTAC------ ----G----T TCACGACAAC CACCT--T-G TCTTTCT--T AT-T--CTTT GCGTTG--GC TTTTT-CAT- ATTTTCCCCG  
56816        GTAC------ ----G----T TCACAACAA- C-CATCTT-G TCTTTTT--T AT-TCCCTC- -CTTTG--GC TTTTT-CAT- GTTTTCCCCG 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 95        105        115        125        135        145        155        165        175                       
Col 10-5     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
Col 10-6     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
Col 10-4     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
Col 10-2     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
Col 10-3     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
Col 10-1     G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC21        G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC22        G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
LN2          G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC12        G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
C7           G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
C2           G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC2         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC5         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
PNY1         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP2          G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
MH01         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
MH02         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
MH03         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
SM01         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP1          GAGGAC-TTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP4          GAGCCC-TTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP10         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP16         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP3          G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP13         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCTACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VP9          G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
A38          G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
CL85         G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
VA207        G-GCCCCTTT GTGGTGCTCC AGACGCTTTA GCTCGCTATT CCACCAGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGATACA  
FrC6         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
FrC7         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ35         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ46         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ53         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ63         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                 95        105        115        125        135        145        155        165        175                       
PJ6          G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ2          G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ3          G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ45         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
PJ23         G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
JA9          G-GCCCCTTT GTGGTGCTCC AGACGCTCTA GCTCGCTATT CCACCGGAAA ATGCCACTCG CCCAGCTCTT TCCTGTTGCG ATGCGACACA  
56816        G-GCCC-TTC GTGGTGCTCT AGACGCTCTA GCCCGCTACT CCACCGGAAA ATGTCACTCA CCCAGCCCTT TCCTGTTGCG ATGCGACACA  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                185        195        205        215        225        235        245        255        265                      
Col 10-5     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
Col 10-6     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
Col 10-4     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
Col 10-2     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
Col 10-3     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
Col 10-1     GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC21        GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC22        GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
LN2          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC12        GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
C7           GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
C2           GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC2         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC5         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
PNY1         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP2          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
MH01         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
MH02         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
MH03         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
SM01         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP1          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP4          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP10         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP16         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP3          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP13         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VP9          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTGCAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
A38          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
CL85         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
VA207        GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGAAAAAGC TGGGGCAGCG GGTCGTCTTG  
FrC6         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                185        195        205        215        225        235        245        255        265                      
FrC7         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ35         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ46         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ53         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ63         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ6          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ2          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ3          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ45         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
PJ23         GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
JA9          GTTTGAAAGT TTGAGCTGGT TCATGCCTAC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
56816        GT-------- TTGAGCTGGT TCATGCCTTC ACTCTTACAT CTGTGTCGAC GGTTGCATCA ACGGAAAAGC TGGGGCAGCG GGTCGTCTTG  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                275        285        295        305        315        325        335        345        355                      
Col 10-5     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
Col 10-6     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
Col 10-4     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
Col 10-2     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
Col 10-3     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
Col 10-1     CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC21        CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC22        CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
LN2          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC12        CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
C7           CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
C2           CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC2         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC5         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PNY1         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP2          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
MH01         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
MH02         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
MH03         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
SM01         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP1          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP4          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP10         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP16         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP3          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VP13         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                275        285        295        305        315        325        335        345        355                      
VP9          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
A38          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
CL85         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
VA207        CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC6         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
FrC7         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ35         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ46         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ53         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ63         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ6          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ2          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ3          CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ45         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
PJ23         CTCTGGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
JA9          CTCTGGATTC ATTCCCTACG GGATGTCTCC GACTTCCGGC TGGGAATAGC GGGCAAAAAG CTGTGGGCGG GCGAGCGAGC GGCAGCAGAT  
56816        CTCTAGATTC ATCCCCTACG GGATGTCTCC GACTTCCGGC TGGGAGTAGC GGACAAAAAG CTGTGGGCGG GTGAGCAAGC GGCAGTAGAT  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                365        375        385        395        405        415        425        435        445                      
Col 10-5     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
Col 10-6     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
Col 10-4     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
Col 10-2     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
Col 10-3     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
Col 10-1     GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC21        GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC22        GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
LN2          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC12        GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
C7           GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
C2           GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC2         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC5         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PNY1         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP2          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
MH01         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
MH02         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
MH03         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
SM01         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP1          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                365        375        385        395        405        415        425        435        445                      
VP4          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP10         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP16         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP3          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP13         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VP9          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
A38          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
CL85         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
VA207        GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC6         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
FrC7         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ35         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ46         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ53         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ63         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ6          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ2          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCATC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ3          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCATC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ45         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCATC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
PJ23         GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
JA9          GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAAC ACACACCACC TGCCCCTCCA GTGCGCAGTT -CTCGCGGTG GGTGGTACGT  
56816        GCGGCGGCGA CATGCACTGG GGCTTGGCGG GGGTCAAAA- ACACACCACC TGCCCCTCCA GTGCGC-GTT TCTGGTGGTG GGTGGTACGT  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                455        465        475        485        495        505        515        525        535                      
Col 10-5     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
Col 10-6     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
Col 10-4     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
Col 10-2     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
Col 10-3     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
Col 10-1     ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC21        ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC22        ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
LN2          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC12        ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCA ATCACGACTC GATCCTGCAA  
C7           ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
C2           ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC2         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC5         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
PNY1         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP2          ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                455        465        475        485        495        505        515        525        535                      
MH01         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
MH02         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
MH03         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
SM01         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP1          ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP4          ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP10         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP16         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP3          ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP13         ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VP9          ACCTGGTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
A38          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
CL85         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
VA207        ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAA GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
FrC6         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCA ATCACGACTC GATCCTGCAA  
FrC7         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ35         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ46         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ53         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ63         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ6          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ2          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ3          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ45         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
PJ23         ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
JA9          ACCTGTTCGT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCCGCAA  
56816        ACCTGTTCCT GCTGCTTTGG TCTTGGTCTC TTCTTTCGAG GGCCACGGCC GGACTGGCTG AAAGGATTCG ATCACGACTC GATCCTGCAA  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                545        555        565        575        585        595        605        615        625                      
Col 10-5     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
Col 10-6     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
Col 10-4     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
Col 10-2     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
Col 10-3     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
Col 10-1     GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC21        GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC22        GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
LN2          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC12        GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
C7           GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
  
 
54 
App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                545        555        565        575        585        595        605        615        625                      
C2           GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC2         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC5         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PNY1         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP2          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
MH01         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
MH02         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
MH03         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
SM01         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP1          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP4          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP10         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP16         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP3          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP13         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VP9          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
A38          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
CL85         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
VA207        GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC6         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
FrC7         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ35         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ46         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ53         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ63         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ6          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ2          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ3          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ45         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
PJ23         GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
JA9          GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTTGTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
56816        GGAACCCCAC CCCACGTCCG CCTGGCTCCA AGTCTTTTTT GCCTTGCCTC CAGCTGCAGG GTTGAACGCC GCAGCTCGGG TATTGGAGGT  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                635        645        655        665        675        685        695        705        715                      
Col 10-5     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
Col 10-6     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
Col 10-4     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
Col 10-2     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
Col 10-3     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
Col 10-1     CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
  
 
55 
App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                635        645        655        665        675        685        695        705        715                      
FrC21        CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
FrC22        CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
LN2          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
FrC12        CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
C7           CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
C2           CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
FrC2         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
FrC5         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
PNY1         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP2          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
MH01         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
MH02         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
MH03         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
SM01         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP1          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP4          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP10         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP16         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP3          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP13         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGCC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VP9          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
A38          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
CL85         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
VA207        CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TTTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
FrC6         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
FrC7         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ35         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ46         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ53         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ63         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ6          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGATCG  
PJ2          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
PJ3          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
PJ45         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
PJ23         CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
JA9          CTTGCAAGTT GCTGCCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGGCGG CCGAGGGTCG  
56816        CTTGCAAGTT GCTACCGCAT CGTCAGCCCC CCCTTTTGGC CGTCGGCGCG TCTTCGGTGA ACCGGTTGGC CAGCCGCCGG CCGAGGGTCG  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                725        735        745        755        765        775        785        795        805                      
Col 10-5     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                725        735        745        755        765        775        785        795        805                      
Col 10-6     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
Col 10-4     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
Col 10-2     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
Col 10-3     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
Col 10-1     TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC21        TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC22        TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
LN2          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC12        TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
C7           TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
C2           TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC2         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC5         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PNY1         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP2          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
MH01         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
MH02         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
MH03         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
SM01         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP1          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP4          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP10         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP16         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP3          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP13         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VP9          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
A38          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
CL85         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
VA207        TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC6         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
FrC7         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ35         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ46         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ53         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ63         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ6          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ2          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ3          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ45         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
PJ23         TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
JA9          TTGCTGTTCT CCACGCAATG CCCACGATCC CCAATGGGGC CACTGGGGG- TAGCTCCGCC TGGCATCGTC AGCCTGACGG CAAGGCGCGA  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                725        735        745        755        765        775        785        795        805                      
56816        TTGCTGTTCT CCACGCAATG CC-AC----- --AATGGGGC CACTGGGGGG TAGCTCCGCC CGGCATCGTC AGCCTGACGG CAAGGCGCGG  
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                815        825        835        845        855        865        875        885        895                      
Col 10-5     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
Col 10-6     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
Col 10-4     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
Col 10-2     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
Col 10-3     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
Col 10-1     CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC21        CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC22        CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
LN2          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC12        CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
C7           CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
C2           CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC2         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC5         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PNY1         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP2          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
MH01         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
MH02         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
MH03         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
SM01         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP1          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CCCAC--ATA  
VP4          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP10         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP16         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP3          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP13         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VP9          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
A38          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
CL85         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
VA207        CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC6         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
FrC7         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ35         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ46         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ53         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ63         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ6          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC AGTCATAGTG CC-AC-CA-A  
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  
                815        825        835        845        855        865        875        885        895                      
PJ2          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ3          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ45         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
PJ23         CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
JA9          CGCATGATGT CAGCCTCGAT AGCCAAGATG GCCCACGAGC TCGCCCGCGC ATGCCTCTAT TCACACTTGC A-TCATAGTG CC-AC-CA-A  
56816        CGCATGATGT CAGCCTTGAC AGTCAAGATG GCACACGAGC TCTCCCGCGC ACGCCTCTAT TCACACTTGC A-TCATAGCG CA-ACGCATA  
 
             ....|....| ....|....| ....|....| ....|.. 
                905        915        925        935      
Col 10-5     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
Col 10-6     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
Col 10-4     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
Col 10-2     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
Col 10-3     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
Col 10-1     TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC21        TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC22        TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
LN2          TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC12        TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
C7           TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
C2           TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC2         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC5         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
PNY1         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
VP2          TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
MH01         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
MH02         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
MH03         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
SM01         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
VP1          TCGTCATCAT GGACCT--C- ---TAT-GC- TCTATAG 
VP4          G-GTCATCAT GAAACTAACA AA-TAT-GCC TCTATAG 
VP10         TTGTCATCAT GAAACTAACA A--TAT-GCC TCTATAG 
VP16         TTGTCATCA- GAAACTAAC- ---TA----- TATATAG 
VP3          TTGTCATCA- GAAACTAAC- ---TA----- AATATAG 
VP13         TTGTCATCA- GAAACTAACA A---ATTGCC TGTATAG 
VP9          TTGTCATCAT GAAACTAACT AAATAT-GCC TGTATAG 
A38          TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
CL85         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
VA207        TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC6         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCTATAG 
FrC7         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
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App-Fig 1b cont. The 900mb GS intron sequence alignment of all C. fioriniae isolates used 
 
             ....|....| ....|....| ....|....| ....|.. 
                905        915        925        935      
PJ35         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ46         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ53         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ63         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ6          TAGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ2          TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ3          TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ45         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
PJ23         TTGTCATCAT GAAACTAACA AA-TTT-GCC TCCATAG 
JA9          TTGTCATCAT GAAACTAACA AA-TT--GCC TCCATAG 
56816        T--TCATCAT GTAGCTAACA AA-TTT-GCC TCCATAG 
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Appendix 2. Supplemental NIT pairing information 
App-Fig 2a. NIT pairings of Colletotrichum fioriniae isolates from celery 
  Designation 
Pairings  CT4/6 CT4/23 MH02/5 SM01/2 SM01/5 VP2/3 VP3/12 VP3/14 VP4/7 VP9/1 VP10/1 
CT1/2  + + - - - - - - - - - 
CT2/5  + + - - - - - - - - - 
CT3/2  + + - - - - - - - - - 
CT4/2  + + - - - - - - - - - 
CT4/6  - + - - - - - - - - - 
CT4/9  + + - - - - - - - - - 
CT4/12  + - - - - - - - - - - 
CT4/23  + - - - - - - - - - - 
CT5/6  - - - - - - - - - - - 
CT6/4  + + - - - - - - - - - 
MH01/1  - - + - - - - - - - - 
MH02/3  - - + - - - - - - - - 
MH02/5  - - - - - - - - - - - 
MH03/5  - - + - - - - - - - - 
SM01/2  - - - - + - - - - - - 
SM01/4  - - - + - - - - - - - 
SM01/5  - - - + - - - - - - - 
VP1/1  - - - - - + - - + - - 
VP2/3  - - - - - - - - + - - 
VP2/5  - - - - - + - - + - - 
VP3/12  - - - - - - - + - - - 
VP3/13  - - - - - - + + - - - 
VP3/14  - - - - - - + - - - - 
VP3/24  - - - - - - + + - - - 
VP4/3  - - - - - + - - + - - 
VP4/7  - - - - - + - - - - - 
VP9/1  - - - - - - - - - - + 
VP10/1  - - - - - - - - - + - 
VP13/2  - - - - - - + + - - - 
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App-Fig 2a cont. NIT pairings of Colletotrichum fioriniae isolates from celery 
  Designation 
Pairings  CT4/6 CT4/23 MH02/5 SM01/2 SM01/5 VP2/3 VP3/12 VP3/14 VP4/7 VP9/1 VP10/1 
VP16/3  - - - - - - + + - - - 
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Appendix 3. Further virulence test data for leaf curl symptoms 
App-Fig 3a. Average celery leaf curl symptoms from C. acutatum sensu lato inoculations1 (isolate subset 1) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-h were determined 
with a LSD of p = 0.05 
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App-Fig 3b. Average celery leaf curl symptoms from C. acutatum sensu lato inoculations1 (isolate subset 2) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-j were determined 
with a LSD of p = 0.05 
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App-Fig 3c. Average celery leaf curl symptoms from C. acutatum sensu lato inoculations1 (isolate subset 3) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-i were determined 
with a LSD of p = 0.05 
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Appendix 4. Further virulence test data for crown necrosis 
App-Fig 4a. Percent plants with crown necrosis from C. acutatum sensu lato inoculations1 (isolate subset 1) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-d were determined 
with a LSD of p = 0.05 
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App-Fig 4b. Percent plants with crown necrosis from C. acutatum sensu lato inoculations1 (isolate subset 2) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-f were determined 
with a LSD of p = 0.05 
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App-Fig 4c. Percent plants with crown necrosis from C. acutatum sensu lato inoculations1 (isolate subset 3) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-f were determined 
with a LSD of p = 0.05 
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Appendix 5. Further virulence test data for petiole lesions 
App-Fig 5a. Average number of petiole lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 1) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-j were determined 
with a LSD of p = 0.05 
  
 
69 
App-Fig 5b. Average number of petiole lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 2) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-i were determined 
with a LSD of p = 0.05 
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App-Fig 5c. Average number of petiole lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 3) 
 
1: Experiment was repeated two times. Data was analyzed with a standard ANOVA among isolates and groups a-g were determined 
with a LSD of p = 0.05 
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Appendix 6. Further virulence test data for leaflets with lesions 
App-Fig 6a. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 1, test 1) 
 
1: Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-i were determined with a LSD 
of p = 0.05 
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App-Fig 6b. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 1, test 2) 
 
1:Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-f were determined with a LSD 
of p = 0.05 
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App-Fig 6c. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 2, test 1) 
 
1:Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-n were determined with a LSD 
of p = 0.05 
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App-Fig 6d. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 2, test 2) 
 
1: Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-f were determined with a LSD 
of p = 0.05 
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App-Fig 6e. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 3, test 1) 
 
                  g 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1:Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-g were determined with a LSD 
of p = 0.05 
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App-Fig 6f. Average leaflets with lesions per celery plant from C. acutatum sensu lato inoculations1 (isolate subset 3, test 2) 
 
1:Data from one experiment. Data was analyzed with a standard ANOVA among isolates and groups a-f were determined with a LSD 
of p = 0.05 
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Chapter 3: The Effect of Culture Filtrates on Celery Leaf Curling 
 
Introduction 
 Auxin was the first class of plant hormones discovered and induces a variety of growth 
and developmental cues in plants. It was first discovered because of its ability to stimulate 
differential growth response to light in plant shoots and to stimulate differential growth response 
to gravity in plant roots (Zhao 2010). In developmental processes, it provides cues for gamete 
production, embryogenesis, seedling growth, flower development, and the creation of patterns 
for vascular tissue (Zhao 2010). In essence, the proper balance and distribution of auxin is 
intrinsic to healthy growth and development of plants throughout the plant lifecycle. It is 
therefore not too surprising to discover that plant pathogens have found ways to exploit these 
pathways for their own purposes. 
 Plant pathogens exude a wide variety of chemicals to affect their surrounding 
environment which could include hormones like auxin. Of particular interest to plant 
pathologists are the suite of molecules exuded by plant pathogens in the presence of their host 
plant in order to modify host defenses or otherwise ease pathogen colonization (Hogenhout et al. 
2008). An effector that the plant is already producing is hard to detect as anomalous by the plant; 
so, the pathogen can upset the balance of plant hormones for its purposes without alerting the 
plants defenses. Gibberella fujikuroi has been known to do this with the plant hormone 
gibberellic acid (Candau 1992) and multiple pathogens are known to exploit auxins as well 
(Chung et al. 2003). 
 The auxin most commonly produced by plants is indole-3-acetic acid (IAA), and 
bacterial and fungal pathogens have both been found to produce this compound (Chung et al. 
2003). IAA is a factor in pathogenicity and has be shown to be used by various pathogens to 
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cause increased root growth, gall formation, witches' broom, and leaf curling (Chung et al. 
2003). Pathogens known to produce and use IAA to cause disease include bacteria such as 
Pseudomonas and Agrobacterium and fungi such as Taphrina and Ustilago (Chung et al. 2003, 
Zhao 2010). Colletotrichum acutatum sensu lato has been found to produce IAA and at least four 
other related indole products, but its production of IAA has not been correlated with 
pathogenicity (Chen et al. 2006). 
 The pathway for production of IAA in C. acutatum sensu lato requires a source of 
tryptophan, and various nutrient inputs, including mannitol, increase production of IAA in the 
fungus by up to 12-fold (Shilts et al. 2005). Particular carbon and nitrogen sources have a clear 
impact on the amount of IAA produced in the presence of tryptophan. Ammonium chloride 
completely suppressed IAA production and ammonium nitrate increased IAA production. The 
carbon sources that allowed for the highest production of IAA were galactose and mannitol 
(Shilts et al. 2005). 
 Celery produces tryptophan, and has two major translocated carbohydrates, sucrose and 
mannitol, with mannitol being consistently high in the celery leaflets (Davis et al. 1988). C. 
acutatum sensu lato can cause leaf curling symptoms on celery. C. acutatum sensu lato can 
produce IAA in the presence of tryptophan, and celery contains tryptophan (Nutrition Data 
2008). If the high concentration of mannitol in the celery leaves is accessible to C. acutatum 
sensu lato, it would allow for higher production of fungal IAA compared to what the fungus 
might produce in other plants with less conducive carbon sources (Shilts et al. 2005). This leads 
one to consider the possibility that IAA exuded by C. acutatum sensu lato may be a significant 
factor in the symptoms of celery leaf curl. The objectives of this study were to determine if 
fungal culture filtrates can produce leaf curl symptoms on celery and determine if the culture 
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filtrates contain IAA. 
 
Materials and Methods 
IAA experiments. To determine if IAA could induce leaf curling in celery, a preliminary 
experiment was conducted by severing six mature healthy petioles from Duda Farms C-1 
seedlings grown in the greenhouse and placing three of the six in a 600 mL beaker of 200 mL of 
water and the other three in a 100 ppm (µg/mL) of 200 mL aqueous solution of IAA at room 
temperature overnight (Fig. 1). 
 To further evaluate the effect of IAA on celery leaf curl, three experiments were 
conducted. The first experiment evaluated the effect of double distilled water, 50, 100, 200, and 
400 ppm IAA sprayed on celery leaves. The second evaluated, double distilled water, 1, 10, 25, 
and 50 ppm IAA, and a third experiment evaluated double distilled water, 1, 5, 10, 25, and 50 
ppm IAA. Celery plants were sprayed with the various solutions, and placed in a dew chamber at 
approximately 24°C for approximately 48 hours. Leaflets were then evaluated for leaf curl 
symptoms based on a 0-6 scale where 0 = 0%; 1 = 1-10%; 2 = 11-25%; 3 = 26-50%, 4 = 51-
75%, 5 = 76-90%; 6 = 91-100% after 48 hrs. Four celery plants were sprayed per treatment and 
each of the three experiments was performed once.  
 
Fungal filtrates. To investigate the effect of the fungal exudates, selected celery and non-celery 
isolates of C. acutatum sensu lato were grown in a complete media broth (CMB; Appendix 1) 
and a modified complete media broth (MCMB; Appendix 1).  In the MCMB, half of the sucrose 
was used (15 g/L) and the broth was amended with 15 g/L of mannitol and 2 g/L of tryptophan. 
 Isolates chosen included one pathogenic, celery C. fioriniae isolate (MH03), one non-
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pathogenic, non-celery C. fioriniae isolate (PJ35), and one pathogenic, non-celery C. acutatum 
sensu stricto isolate (PJ51).  Samples were grown in 250 mL flasks with 100 mL of broth on a 
rotating shaker for between 5 and 11 days depending on the experiment. After the incubation 
period, the culture filtrate was vacuum filtrated through qualitative filter paper to remove large 
particles. Then, the fluid was centrifuged at 800-1,500 rpm for 5-25 minutes and decanted to 
reduce clogging in the next step. This decanted fluid was vacuum filtered a second time with a 
0.45 µm nylon filter to remove remaining fungal cells. Forty milliliters of filtrate was sprayed 
using an atomizer on four celery plants per treatment and placed in the dew chamber. All celery 
plants were provided in ~400 seedling lots from the greenhouses of a Duda Farms facility in 
Michigan.  Seedlings were transplanted into square 100mm (4-inch) diameter pots in the 
greenhouse, grown in Sunshine LC1 professional growing mix, and were watered as needed. All 
seedlings used had mature, completely unfurled leaflets. After approximately 48 hours, the plants 
were scored for leaf curl symptoms are previously described. To confirm a lack of fungal spores 
in the culture filtrate, 10 µL of filtrate were placed in the center of two plates of half-strength 
Himedia brand potato dextrose agar with 3% agar (PDA) per isolate and observed after 5 days. 
Inoculated plants were grown in the greenhouse after the first 48 hrs, and then scored for leaf 
curl symptoms after 2-6 weeks. 
 In the first experiment, isolates were incubated for eight days. For the second experiment, 
isolates were incubated for 5, 7, and 11 days before collection of the culture filtrates. In the third 
experiment, cultures were incubated for 10 days prior to collecting the culture filtrates. In all 
experiments, uninoculated media were used as negative controls. 
 
Colorimetric test. Two colorimetric protocols were attempted to verify the presence of indoles, 
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including IAA, in Colletotrichum isolates grown in MCMB. One method tested for the presence 
of certain indoles, including IAA (Anthony and Street 1970), while the other method tested 
specifically for IAA (Gordon and Weber 1951). The former method was found to not be 
sensitive enough for our evaluation purposes. Dilutions of IAA were prepared to create a 
standard curve. Concentrations of 400ppm, 200ppm, 100ppm, 50ppm, 20ppm, 10ppm, 5ppm, 
and 0ppm were used to generate the standard curve. The IAA was dissolved in acetone before 
being mixed into MCMB to create the dilutions. The MCMB was used instead of water to 
prevent the color of the broth itself from potentially interfering with the colorimetric test. To 
more accurately quantify the amount of IAA, a Bio-Tek plate reader was used to measure the 
absorption. To use the plate reader, the quantities of materials used in the test were 
proportionally reduced to fit within the wells of a microtiter plate and the IAA dilutions were 
tested in advance to ensure that the colorimetric tests were still accurate with this change 
(Appendix 2). For the colorimetric test, 100 µl of Salkowski Reagent and 50 µl of the sample 
broth were placed into each well and were left for 25 minutes before recording the results.  
 
Results 
IAA experiments. Leaving freshly cut petioles of celery in water solution overnight caused 
petiole distortion in the samples sitting in IAA solution and no distortion in the water control 
(Fig. 1). Direct foliar application of IAA on celery plants demonstrated that IAA can cause 
similar leaf curling type symptoms as those present in the disease caused by C. fioriniae (Fig. 2). 
Sprays of concentrations 10 ppm of IAA and above showed clear leaf curl and caused maximum 
possible leaf curl at 100 ppm of IAA. 
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Fungal filtrates. Applications of filtered broth of fungal isolates grown with and without 
tryptophan have so far shown that the fungal filtrate can only cause leaf curling with tryptophan 
(Table 1). Cultures grown for five days in broth showed little to no leaf curl while isolates grown 
for 7 days showed some symptoms in the celery isolate (MH03). Cultures grown for 8 and 11 
days showed more pronounced symptoms. All plants sprayed with the filtrates and all plants 
sprayed with IAA gradient showed no leaf curl symptoms at all when grown out for ten days and 
sprayed in November. For all experiments, leaf curl symptoms were no longer present in plants 
sprayed with filtrate after 2 weeks in the greenhouse and did not develop leaf curl symptoms 
again in later weeks. Filtrate pipetted onto half-strength potato dextrous agar (PDA) also did not 
produce colonies of Colletotrichum. Both the time in the greenhouse and the PDA results help 
support the idea that the filtration successfully excluded the fungus from the filtrate. 
 
Colorimetric test. Gordon and Weber's colorimetric test (Table 2) which tests specifically for 
IAA, was shown to react to the filtered broth of the fungal isolates while not reacting to the broth 
without IAA or the fungal exudates. Looking at the results from two separate filtrates of each 
isolate, all isolates appear to have produced filtrate at a little over 100ppm. 
 
.Discussion 
 Though excess IAA is known to cause unusual growth habits in plants, how it would 
appear on celery and how much of the hormone would be needed to cause atypical growth on 
celery was unknown. The tests with topical sprays of IAA demonstrated that, at room 
temperature, concentrations as low as 10µg IAA/mL water could cause clear leaf curl symptoms 
and that the highest measurable levels of leaf curl on celery were reached somewhere between 50 
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and 100µg/mL. This in turn provides a reference to symptoms provided by broth filtrate and 
could be used with IAA detection methods to possibly predict the amount of leaf curl a broth 
filtrate sample may cause. 
 Once it was established that IAA could cause symptoms similar to celery leaf curl and 
indistinguishable from broth filtrates that caused leaf curl, further assessments of the broth for 
IAA made sense. The data thus far supports the previous assertion that tryptophan is required for 
IAA production in C. acutatum sensu lato (Chung et al. 2003). It was also found that two agar 
plugs (~0.5cm in diameter each) of the isolates grown in broth for 11 days showed differing 
levels of leaf curl severity between filtrates of pathogenic isolates while not producing symptoms 
using filtrates from asymptomatic isolates or pure broth. Isolates grown out for seven or eight 
days showed some differentiation, but not as clearly and isolates grown out for five days did not 
show clear differentiation. With this initial assessment, further testing might best use isolates 
grown out for 11 days in MCMB to further study broth filtrate. 
 Symptom observation and IAA quantification from broth filtrates were complicated by 
confounding factors. Just as with isolate inoculations, it was found both IAA and filtrate sprays 
had reduced to no symptoms at low temperatures. Again, these tests were conducted in a dew 
chamber without temperature control. Even at the warmer temperatures it is possible that there 
are other auxins or exudates of other sorts that could be causing or contributing to the symptoms 
produced by the fungal filtrates. 
 Regardless of confounding factors, there are limitations in what can be proven through 
use of these broth filtrates. All that can be established is that IAA is able to produce the leaf curl 
symptoms and that the amount of IAA in broth filtrates can be quantified. Without knocking out 
or otherwise neutralizing the production of IAA in virulent fungal isolates and then seeing a 
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consistent lack of leaf curling at controlled temperatures with the IAA neutralized, all these tests 
may establish is a probable link between IAA and celery leaf curl. 
 Further research would be required to more directly demonstrate if IAA is a significant 
contributing factor to the leaf curl symptom on celery. If the IAA production in a virulent isolate 
could be neutralized, inoculation tests on celery could be conducted using the virulent isolate 
with IAA on one set of plants and the virulent isolate with the IAA neutralized on another set 
plants. If no leaf curl symptoms showed on the plants with neutralized inoculum while the 
symptoms did show on the unhindered isolate, then it would be safer to conclude that fungal IAA 
production is important to the production of leaf curl symptoms. This could be because it is 
directly causing the symptoms or it could be because IAA production is important for some stage 
of fungal establishment and colonization on the plant. If IAA production is neutralized, it could 
also demonstrate whether the necrotic symptoms of the disease manifest or are altered in severity 
by this change. 
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Table 1. Percent leaf curl on Duda C-1 celery sprayed with C. acutatum sensu lato filtrates 
grown with or without tryptophan (sprayed 26 May 2015)1 
Isolates  CMB2 MCMB2 
Neg. control  4.1 5.5 
MH03 filtrate  4.1 78.0 
PJ35 filtrate  4.1 0.0 
PJ51 filtrate  2.8 2.8 
1: Cultures were grown for 8 days in broth. Leaf curl scores recorded ~48 hours after spraying 
with isolate broth filtered through filter paper and then through a 0.45 micron nylon filter. All 
sprays were applied on 4 plants, 10mL/plant. 
2: Complete media broth (CMB) or modified complete media broth (MCMB; Appendix 1)  
 
 
Table 2. Absorption of Fungal Filtrates Using the Gordon and Weber Colorimetric1 
Name 
 Color Absorption at 
490nm Wavelength 
0ppm IAA  0.074 
5ppm IAA  0.098 
10ppm IAA  0.103 
20ppm IAA  0.182 
50ppm IAA  0.287 
100ppm IAA  0.508 
200ppm IAA  1.041 
400ppm IAA  1.600 
MH032  0.590 
PJ512  0.493 
PJ352  0.599 
Neg3  0.068 
1Filtrates introduced to 2x volume Salkowski Reagent for 25 minutes before wavelength is 
measured. Results averaged from two experiments. 
2Designations of fungal isolates 
3Neg = Negative control (filtered MCMB broth placed on rotating shaker with the other isolates) 
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Figure 1. Symptoms of Petioles Placed in 100pmm IAA or Deionized Water 
  
          100ppm IAA          Deionized Water 
 
Figure 2. Assessing percent celery leaf curl from topical application of various concentrations of 
IAA. 
 
1: Four celery plants sprayed per concentration, 10 mL sprayed per plant with water or a solution 
of water with IAA. Concentrations at or above 100 ppm of IAA caused maximum leaf curling. 
Leaf curl scored 48 hours after celery seedlings were sprayed.  
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Figure 3. Assessing celery leaf curl from topical application of Colletotrichum filtrates from Colletotrichum isolates grown in broth 
for a variable number of days 
 
1: Four celery plants sprayed per concentration, 10 mL sprayed per plant with isolate filtrate from isolates grown complete media broth 
modified with tryptophan and mannitol (MCMB) Sprayed 8 June 2015, scored 06/10/15
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Appendix 1. Broth Formulae 
App-Fig 1a. Complete Media Broth (CMB) 
Ingredient Amount Unit Alternate Name 
Sucrose 30.0 g  
NaNO3 2.0 g Sodium Nitrate 
KH2PO4 (monobasic) 1.0 g Monobasic Potassium Phosphate 
MgSO4 * 7 H2O 0.5 g Magnesium Sulfate 
KCl 0.5 g Potassium Chloride 
FeSO4 * 7 H2O 1.0 mL Iron Sulfate Solution 
Trace Elements (App-Fig 1c) 0.2 mL  
Casein Hydrolysate 2.0 g  
Yeast Extract 1.0 g  
Vitamin Solution (App-Fig 1d) 10.0 mL  
dH2O 1.0 L Filtered Deionized Water 
 
 
App-Fig 1b. Modified Complete Media Broth (MCMB) 
Ingredient Amount Unit Alternate Name 
Sucrose 15.0 g  
Mannitol 15.0 g  
NaNO3 2.0 g Sodium Nitrate 
KH2PO4 (monobasic) 1.0 g Monobasic Potassium Phosphate 
MgSO4 * 7 H2O 0.5 g Magnesium Sulfate 
KCl 0.5 g Potassium Chloride 
FeSO4 * 7 H2O 1.0 mL Iron Sulfate Solution 
Trace Elements (App-Fig 1c) 0.2 mL  
Tryptophan 2.0 g  
Casein Hydrolysate 2.0 g  
Yeast Extract 1.0 g  
Vitamin Solution (App-Fig 1d) 10.0 mL  
dH2O 1.0 L Filtered Deionized Water 
 
 
App-Fig 1c. Trace Elements 
Ingredient  Amount  Unit 
Citric Acid  5.00  g 
ZnSO4 * 7 H2O  5.00  g 
FeNH4(SO4) * H2O  1.00  g 
CuSO4 * H2O  0.25  mg 
MnSO4 * H2O  50.00  mg 
H3BO3 * H2O  50.00  mg 
NaMoO4 * 2 H2O  50.00  mg 
dH2O  95.00  mL 
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App-Fig 1d. Vitamin Solution, Zambino 
 
 
 
Ingredient  Amount  Unit 
Thiamine * HCl  20.0  mg 
Pyridoxine * HCl  15.0  mg 
Biotin  1.0  mg 
100% Ethanol  100.0  mL 
dH2O  100.0  mL 
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Chapter 4: Conclusion 
 
 
On the relationship of Colletotrichum acutatum sensu lato and celery (Apium graveolens 
var. dulce) 
 In summary, our preliminary phylogenetic findings indicate Colletotrichum fioriniae is 
the specific pathogen within Colletotrichum acutatum sensu lato causing celery leaf curl in 
Michigan. This is in agreement with earlier findings from the same disease in Japan being found 
to be caused by Colletotrichum fioriniae (Fujinaga et al. 2011). While other species within 
Colletotrichum acutatum sensu lato were able to cause symptoms in a high inoculation, 
greenhouse setting, only what preliminary findings indicate is Colletotrichum fioriniae was 
isolated from celery grown by the growers in Michigan. These celery isolates have been shown 
to be diverse and unlikely to be a clonal lineage which may indicate the celery pathogen is not a 
recent import.  Indole acetic acid has been shown to be involved in pathogenicity for both 
bacterial and fungal pathogens (Chung et al. 2003) and could have some role in the curling 
symptoms caused on celery by the pathogen, but preliminary testing is inconclusive.  The results 
of each experiment with IAA and with fungal filtrates can guide future research into the subject, 
providing information on what methods may be more or less effective.  All of the information 
gathered here hopefully provides deeper insights into the relationship between C. acutatum sensu 
lato and celery and will serve as a reference for future research. 
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